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Division 1, Water District 6 of the State of 
Colorado 
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Halvenbeck, JT. 


This thesis is a study of the effects of recent 
tributary ground water appropriations upon the older 
surface water appropriation in Irrigation Division l, 
Water District 6, of the State of Colorado. While senior 
surface water appropriations are being administered, 
junior tributary underground water appropriations are not. 

Any departure from thesstrict appiiicativoneof athe 
doctrine of priority of appropriations as between surface 
water and tributary ground water appropriations is in 
direct conflict with the constitutional provisions of 
Colorado, and enriches the junior appropriators of tribu- 
tary ground water at the expense of Senior appropriators 
Se: surface rights. 

ime study inelnides a brief history of laws resulla- 
ting water rights, and elements of ground water hydrology; 
jdata collected through a post card survey and personal 
enterviews; current factors in accelerated growth; and 


|jgeneral conclusions as to the results of the study. 
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A study was made of the 1100 wells in the District 
registered with the State, and of the capacity of these 
wells. These figures were compared with information 
collected from the post card survey and personal inter- 
views, to show probable usage of ground water. 

Charts, graphs, and™tables, are used’ to illustrate 
the author's contention that approximately one-half of the 
1100 registered wells are taking water belonging to the 
natural streams in the District. In addition to the 
hemlcbtercUm@WweliGe tintehe CX1IStS ad faree DULL Undetermined 
number of unregistered wells that are also taking water 


tributary to natural streams. 











This abstract is approved as to form and content. 
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CHAPTER 
INTRODUCTION 


Water is one of man's most vital resources. 
Particularly in the arid west, and more recently in New 
York City and in the New England States, the problem of an 
adequate water supply is acute. Because of the highly 
developed municipal water supply works, the average 
citizen takes for granted a:seemingly never-ending source 


of water. Only when he must ration his water, or watch 


(lhis crop fail due to a lack of water, does he become aware 


that his water gesource is not Imexhauwsitible* 

The average daily consumption of water in the 
United States is 125 gallons per day for every man, woman, 
and child.+ In the arid western states the consumption is 
higher due to increased usage for irrigation of lawns and 


crops, and due to losses by evaporation. For example, in 





walter Aveligers ~ Lecturemto eCiass ineSammetar 
Engineering I, University of Colorado, Spring Semester, 
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the city,of, Boulder,, Colorado, therawmerage Gaaily consump- 
tion is 148 gallons»per day »per capita.” 

Because ithe consumptionerates16m1argen, sand) the 
water resources are smaller in arid regions, than in the 
United States as a whole, there exists a strong need for a 
fair administration of water rights. In Irrigation 
Division 1, Water District 6, of the State of Colomado, 
one problem of water appropriation deals with the proper 
allocation of water between surface appropriators and 
underground appropriators. The purpose of this thesis is 
to: 

1. Discuss the administration, or lack of administra- 
tion, of the surface water appropriations and 
tributary underground water appropriations. 

2. Indacate the efifeetssof this adnmnisitratuonmon 
the water appropriations. 

3. Compile the records which indicate the extent of 
the unadministered appropriations and check these 


records against actual conditions. 


‘This figure is based on city of Boulder, Water 
Diversion Records 1948 - 1966, and was calculated from the 
average water consumption in 1964, a very dry year, and 
1965, a very wet year. 















eer ee Se add ' i +e as 


Uy Gum 
= 0 —_ —_— = a eo 


Het om OO ees =o 


ee le ie @ @ Ae O& eee! ¢@ | 


—— = < & _— — wo I 
4 


i. oo eee ¢ 64h 
2 of — i & Sey ee &° 


at) ee e+ mtr; aT ~~~ 
nee ee ee 


—— —_ > “om & emis 
(met tinier 


. ] 


o—————K——— ea @ One’, 
en ee eee a a mm , 











os =e _ ee 





The water appropriation laws of the state of 
Colorado are based on a doctrine of "first-in-time, first- 
in-right.'"' This means that a person who first puts water 
to a beneficial use, and makes a legal claim to such use, 
has the right to the amount of water claimed over all 
other claims for water from the same source at a later 
time. 

Most of the usable surface water appropriations have 
priorities dating trom 1859 -"8/S, "whereas many of the 
underground appropriations were established more recently. 
In fact, not until 1957 did there exist a law for the 
registration of wells in the state. 

The major user of domestic water in Water District 6 
is the city of Boulder, which derives all of its water 
supply from surface appropriations. Many individuals who 
live in dwellings which are not supplied by the Boulder 
water system derive their water supply from underground 
appropriations. This water is either from individual 
wells, or from private systems of wells and distribution 
lines. The development of an increasing number of wells 
in more recent years makes the problem of water appro- 
priations more acute. 

In addition, by granting housing loans and issuing 
building permits, various governmental agencies, both 


federal and local, are giving tacit approval for the 


















cp ee ee es ee ee Ee 
“eo —_— we - = I Ee SS —— (res - 
et <1) ee te <—-e «al > iar 
ws eet ee | ee ee | eee | Se ee s 
eee’ =  <——- § aa «=! « Gia @ 
Ge += ae ae = a -—— =>? 


ee eee tee Dela Slee tke ae & (ee 
ee | ee 


——- = Or ——— a 
oe fee Sell!) Ct Le io 361 
~~ i eS © mle 

© Re et ek ee ee tee ae 


6 2 Son emanpgam 
SS ; 


ne “ 




























development of these wells without full knowledge of the 
consequences. The prospective home builder, with the 
knowledge that the governmental agencies have given their 
approval, builds his house and drills a well for water 
Supply. The legal weakness of his claim to water is 
usually unknown to him. 

An illustrative example of the problem is shown in 
Figure 1. This figure shows”aseries of hypothetical 
ditches taking water from Boulder Creek, the approximate 
amounts of water that the ditches can call upon, the 
priority numbers, and the probable return flow to the 
Stream if no wells existed. 

Assume that™there @xrsts 35 %fs in the stream at 
fF 4 headgate and that 10 cs ane™diverted, leaving 25 cfs 
in the creek. At priority # 2 ditch 5 cfs are diverted 
and 2.5 cfs are returned toj the stream, plus 5 cfs 
returned from priority # 4 ditch. This allows 27.5 cfs to 
Blow to priority # 1 ditcheaggere 255cfs were «diggertedmeand 
2.5 cfs are returned above the # 3 headgate, leaving 5 cfs 
in the stream at that point. To satisfy its claim, 
pevority # 3 ditch divértsathe wemaining@> cfs. Thus, 
with no wells existing, all claims have been satisfied. 

Now suppose certain wells are pumping water that is 
tributary to the streams. The water pumped by these weilis 


comes from the following three sources. Well # 1 takes 
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part of its water directly from the stream. Well # 2 is 
adjacent to an irrigation ditch and is intercepting water 
leaving the ditch that would otherwise return to the 
stream. Well # 3 is pumping water from the wide deposits 
of alluvium which constitute the stream bed. The water 
normally flows in the alluvial channel in a manner similar 
to the surface flow, and is a hidden or underground 
portion of the surface stream. These three wells are 
iemmnesomma tive. of. the typesmoteaclaicufoundean gthempdains 
area of the District. 

If any water is taken from the stream and not 
returned above C the number 1 priority will not be met, 
andwthe.number 4.priornity,.willehavesto reduce its diver- 
sion. If only 5 cfs are taken and not returned above D, 
priority 3 will be without water and priority 4 would be 
prohibited from diverting any water. This example shows 
how wells developed as late as 1966 can affect 1860 water 
rights. 

The only water rights currently being administered 
are the older surface rights that determine the amount of 
water diverted by ditches. The appropriations are regu- 
lated and administered by a Water Commissioner who is 
under the supervision of the Division Engineer, who in 
urns under the supenvision ofsythe State Engineer. In a 


broad sense the streams, including the alluvial beds and 
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water tributary to the beds, are not being administered. 
The amount of water in the streams depends on the amount 
of precipitation that falls on the watershed, and man-made 
conditions. Dams have been built that change the natural 
stream flow and are used in the administration of ditch 
appropriations. Wells have been drilled, as in the 
preceding example, that alter the natural stream flow and 
are not administered. Considering the effects of these 
wells, the streams are not being administered -- ‘only the 
dmpehy rights. 

The water beneath the ground is a valuable resource, 
just as are mineral deposits and oil reservoirs, and 
Should be utilized. The oil and mineral deposits are 
exhaustible resources, whereas ground water is a replen- 
ishible resource. The present water appropriations laws, 
if administered, could allow a large portion of this 
potential resource to go unused. 

The limits of Irrigation Division 1, Water Dis- 
trict 6, of the State of Colorado are established by a 


word description of the boundaries in Colorado Revised 


(|Statutes, 1963, and by a map prepared by the State Engi- 


neer in 1961, which shows the boundaries of all Irrigation 
Myisionv"and Water Districts. ~The (limits ef the district 


are shown on Plate 1 and are defined in Colorado Revised 


Wemertutes peb963,6848-13-7, as: 
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District No. 6 shall consist o@gadijlands irri- 
gated from ditches taking water from the Boulder and 
its tributaries, and Coal Creek. 

This word description does not describe the area as 
represented by the map prepared by the State Engineer in 
1961. For example, Community Ditch, which flows from 
Marshall Lake, leaves the eastern boundary of the district 
and flows into Weld County. Idaho Creek Ditch flows from 
Boulder Creek and leaves the district at the northeastern 
boundary and continues out of the district into Weld 
mney. Ihe State Engineer's map 1S_oGf tirementire state, 
and the exact boundaries are difficult to determine, due 
to the size and scale of the map, and due to the large 
width of the boundary lines. 

Since no Map of the exacteanea exis tedee cevcitlcem 
topographic maps of 1:24,000 scale, 1 inch=2000 feet, from 
the United States Geological Survey, were used to establish 
the limits of the District. 

From the use of this map it was determined which 
mection, and parts of sections wene tombesusiedsin the 
Paudy. Knowing the limits of the district, 1 thensbecame 
a matter of selecting from Colorado Water Conservation 
within the boundaries of the district. This publication 
lists all wells registered in the state through 30 June 


1964. There were eleven hundred wells registered in 
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District 6, and these appear in the appendix. 

The number of wells registered with the State, and 
the capacity of these wells, was expanded upon from 
information obtained in a post card survey and from 
personal interviews. The returns from the post card 
survey appeared to be a very good representation of the 
megistered wells, although only 26.5 per cent were 
fetunned. i Ihe area chosén for the pemsonal simten views 1S 
not representative of the entire District, but was chosen 
because it is in an area that is representative of the 
present and of the expected future unregistered well 
sevelopment in the District. 

Chapters explaining some of the aspects of the laws 
governing ground water appropriations, as well as some of 
the elements of ground water hydrology, are included so 
that the layman may better understand the problems, and so 
that persons with more knowledge of these subjects may 
obtain a brief review. 

With the general attractiveness of the Boulder area, 
new industries and research facilities have caused a 
population growth of about 2000 people per year since 1952. 
Because of this growth, many housing developments have 
been constructed around the city. The largest development 
is to the east on the flood plains of Boulder Creek and 


South Boulder Creek. 
















——- = © | 


an —— al ' ee a — 
== © ie —EE «© _— «are 
“a & ——a pa @ @ Vance > aa 
<= Seaeewici baa 


1 © @ ieee 1 bet 3 
ne St = Gam) — 7-1 
~~» = am = «4:.— se =I = 
Ve et 2 ane ime were ee 
- ame ie  e = =. a 
ae a + ee 
Sure @+ 
ae ae A a ee oe ee 
6 ie i me re 
— : a 
Ce eo 




























10 


In addition to the housing developments, both com- 
mercial enterprises and farms have a need for domestic 
water, and in most instances, for irrigation water as well. 
Irrigation water is used for lawns, and to supplement the 
direct flow or ditch rights of the farms. The bulk of 
this water is provided by wells. These wells derive their 
ground water supply by means of a well and a pump. Most, 
if not all, of this water is taken without the exercise of 
an adjudicated and administered priority. While the 
amount of water taken by this method is difficult to 
estimate, State well-registration records, a post card 
Survey, and personal visits to selected areas indicate 
that as much as 50 cfs of water is being taken by wells in 
the district. With the anticipated well development of 
the plains area that figure could rise to as much as 
1190 cfs. Through graphs, charts, and figures it willbe 
shown that much of the ground water pumped from wells is 


tributary to the streams in the area. 
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CHAPTER II 


A BRIEF SUMMARY OF THE PERTINENT LAWS GOVERNING 


GROUND WATER APPROPRIATIONS 


The sources of Colorado ground water laws are con- 
tained in Colorado Constitutional Provisions, Colorado 
Statutory Provisions, and Appropriations Doctrines as set 
forth by the courts of the state. 

The Colorado Constitution, Article XVI, Section 5 
ScatecmuNateune Waters of SiLreamSsadrespub lice propery. 

The water of every natural stream, not heretofore 
appropriated, within the state of Colorado, is hereby 
declared to be the property of the public, and the 
Same is dedicated to the use of the people of the 
State, subject to appropriation as hereafter provided. 

Section 6 of the same constitutional article states that 
the right to divert unappropriated water for beneficial 

uses shall never be denied, and establishes an order of 

priority as domestic, agricultural, and manufacturing. 

The Colorado Statutory Provisions dealing with 
ereund water were revised andymade effective May 17, 1965, 
under the "Colorado Ground Water Management Act." This 
act provided for the formation of Ground Water Management 


Districts and established "designated ground water" as 


separate from ground water adjacent to continuously 
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|| flowing natural streams [tealso provicca tite state 


| : - 4 
|| engineer with means of enforcing the new laws. 


section 148" 189403) of the MUS ser Stares : 


re’ term "“Desitendted Ground = waver Is “that around 
water which in its natural course would not be 
available for the fulfillment of decreed surface 
muUghiLs. or gaound In aréas not ddjacemte co a. con 
tinuously flowing natural stream wherein ground water 
withdrawals have constituted the principal water usage 
for at least fitteen years precedime January I, 1905, 
and which in both cases is within the boundaries, 
e1ther geographic or geologic, of a designated ground 
water basin. 


Further, 

; the state engineer shall make a determination 
as Co whether or not exercisemot theyrequested per- 
Meta wait | materially injure the vested water rights 

Of others. 

This latter quotation deals with laws requiring 
wells to be registered with the state engineer, with 
eertainsexceptions;eas set Gorth an the Gheund Watereice 
of 1957 and which is repeated again in the 1965 Act. The 
inclusion of these two items points out that the legis- 
lature 1s aware that ground water appropriations can be 
mijurious to the water rights of others and that 1t 15 the 


auty of the State Engineer to administer ground water which 


is tributary to natural streams. 


*Colorado Revised Statutes, 1963, 148-18-S. 
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Riparian Rights, Springs, Seepage and Underground Water 
The Colorado courts have upheld the belief that 


most water in the state will eventually find its way to 
some stream, and that it should, therefore, be con- 


Sidered as part of a natural stream when considering 


appropriation rights.° 


the ease of Nevius. €t a) Vo soiat i clOme Gl Onmel7 6, 
279 Pac, 44, decided against the argument that percolation 
Belongsmto the ownéreof othe soa. Mehur thew 


: subsequent decisions adopted and applied the 
same rule to ali underground water, which would 
ultimately reach and become tributary to a natural 
Stream. And so to all such waters the law is 
detinitely settled ilar cine doc eric imp (wer lruy on 
appropriation as established by the Colorado Consti- 
frelon and SsSuescaquent Statute In alae tiercot, dpplicd 
to such water to the same extent and with the same 
force and Giftect as it did eo SUriace waLtermeo. cme 
Streams... Ihat 25, ) fiesta 1 mc ee eet lata deen tere 


Brom. tire firs tein time ot TS 1 Deed ht sdoctinine 
Bhat the.Colorado courts upheld, it can be seen that 1800 
priorities are certainly senior to 1966 appropriations, 


if they are in fact dealing with the same water. 


asec Sairanek Cteal., vy. fownyor limon, 125 Come: 
B00, pow 334 


Ty W. McHendire, "The Law of Underground Water," 
Polume 13, No. 1, The Rocky Moumtain Law Review, p. 411. 
wae also Crippen, “laistee, v- Wieete et al.§ WS iColo. 449, 
me 259; Coffin et al. v. The Lett™Wand Ditch Company, 
mecolo. 443, p. 447; Black et al. v. Faylor et aly, 128 
Colo. 449, p. 459; The Town of Genoa v. Gilbert 0. West- 


—— == 


meli, 141 Colo. 53397 p. 547. 
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Domestic Use of Water 
cection 6 oF Art Teme’ XV1 Of sehe” Comeci tic yon recog - 
nizes a preference for the domestic use of water over 
Sihersuses. However; while the "first in™@emme, first in 
right’ doctrine is upheld by the courts, and allows a 
domestic use to have a priority over other uses, it does 
require a just Compensation to th6se whose™rights™are 
getected by "domestic usage.""® 
It is provided in Colorado Revised Statutes 147-2-6 
Elia t : 
: water claimed and appropriated for domestic pur- 
poses Shall not be employed or used toreitrigation o1 
for application to land or plants in any manner to 
any extent whatever. 
Statute 147-2-7 makes a violation of the above article a 
misdemeanor, subject to a fine of not less €han fifty nor 
more than two hundred dollars, for each day of improper 
application of water. That this law is being violated 
will be discussed later in more detail. However, to the 


author's knowledge, no court action based on this statute 


mas reached Colorado courts. 


cee The MontrosegGanal Company et al y> ine 
Loutsenhizer Ditch Company et al., 23 Colo. 233, p. 237; 
Town of Sterling et al. v. The Pawnee Ditch Extension 

42" Colo. 4210p. 426: SBiltek Scum Vy. Siaralor 


Me al. 128 Colo. 449, p. 456. 











a ee 


Mes: 


Natural Streams Defined 

Two court cases” have established that, owing to 
the high elevation of portions of the state and the 
general arid conditions, ". . . a large number of natural 
streams in the state are, and always have been, dry during 
a portion of the yea” thus making all tributaries and 


streams draining into other streams, "natural streams." 


286i In Re German Ditch and Reservoir Company, 
mo Colo. 252m pae2/0; “Strickler a. City ot MCallogado 


Perings, 16 Colo. 61, p. 


pe Sey In Re German Ditch and Reservoir Company, 
memcolo. 252, p. 270. 





CHAP TER. Lied 
SOME ELEMENTS OF GROUND WATER HYDROLOGY 


Ground water hydrology is that branch of hydrology 
concerning the occurrence and movement of water within the 
geological strata of the earth. In this study, ground 
water hydrology is of importance, and an understanding of 
some of the basic principles would be of benefit. 

The idea that ground water originates by the 
process of evaporation-condensation-precipitation is 
relatively new. As late as the close of the seventeenth 
century, it was still thought that ground water could not 
be obtained from rainfall, because the quantity of rain- 
fall was insufficient, and that the” ea"rn was too imper- 
Vious to allow rainwater to exist very far beneath the 
surface. +t Water found in the ground was based on an 
ocean-fed-theory, with variations as to the causes of 
water movement. 

In the last half of the seventeenth century there 


were developments that "put hydrology for the first time 


ee Meinzer, "History and Development of 
Ground-Water Hydrology," Journal Washington Academy of 
Beience, 24:7 geJanuary, 1934, 
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on a quantitative basis."!4 


The Frenels physiemet Pierre 
Perrault (1608 - 1680) made rainfall measurements for 
three years on the Seine River drainage basin above 
Burgandy. From estimates of the drainage basin area and 
rainfall runoff, he concluded that the quantity of water 
was about six times the amount discharged by the river, 
thus establishing the existence of enough rainfall to 
Supply the discharge of springs and streams. 

Through a series of developments in ground water 
hydrology since Perrault's time, the evaporation- 


condensation-precipitation cycle is almost universally 


meceptcd. 


Predictions of Amount of Ground Water 


The total amount of ground water beneath the 
surface is difficult to estimate. Any attempt at an 
estimation must be based on the knowledge of two factors; 
the average porosity of the rocks in the zone of fracture, 
and the extent of the thickness of the zone. Both items 
many widely in different geograplitc locations. Naturally, 
there must be a source of water supply. This source is 
Precipitation in the form of rainfall or snow. @nce the 
water supply reaches the surface, the soil acts as a 
separating surface and divides the rainfall into two parts. 


1 eMeinzer, Op. Cll...) ee 


west 
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Shertirst pacts ™'striatearthn-Ct i, dees noe sealkmimto. the 
ground, but flows overland into a stream, and is absorbed 
by the soil. There it may be evaporated by the sun, 
transpired by plants, or it may seep slowly to the water 
ale. 

The infiltration portion of the water supply is of 
Des t™eoncern fo this=study, and is of utmost importance 
in ground water hydrology. This is the sole source of the 
ground water supply for wells, Springs, and streams. 

The amount of water that is infiltrated into the 
s0il™depends “on such “factors as Slope, "type of soil, type 
of vegetation, the amount and intensity of rainfall, and 
tne presence ofWsurface’s@reams and irrigation di telres ; 

As for the effect of slope, for a given amount of rainfall 
over a given period of time, the greater the slope the 
less the infiltration. By terracing farm land, water is 
forced to take a near level route, decreasing its velocity 
and increasing the infiltration rate. The presence of 
vegetation creates a more absorbent area and causes less 
mon-off and higher infiltration. The porosity, or the 
ratio of volume of void space to the volume of the soil 
determines how much water can be stored in the soil. The 
part that streams and irrigation ditches play in the 
recharge of ground water is an important one in the plains 


area. As determined from topographic maps of the area, at 
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least thirty irrigation ditches emanate from Boulder, 
south Boulder and Coal Creeks. During the growing season 
these ditches are utilized, and at the same time wells are 
pumped to augment the irrigation ditch rights. This 
pumping lowers the ground water table and allows more 
water to infiltrate from the irrigation ditches and 
Btreams into the ground. 

The permeability, or capacity to transmit water 
under pressure through a soil, determines how fast the 
water can be transmitted downward. The effect of rainfall 
is obvious, and the effects of the intensity of rainfall 
can be seen by observing a slow drizzle, which will 
merodauce less run-off and more infiltration than would a 
cloudburst, with total rainfall being the same in both 


instances. 


Pacurrence, and Di sitributionsot Subs urtages Wager 
Subsurface or underground water is used here to 
include all water occurring in liquid form below the 
ground surface. Subsurface water may be divided into two 
Pr1eat zones, separated by the water table. The water 
table is defined as the contact plane between free ground 
water and the capillary fringe, and is located by the 
level at which water stands in boreholes tapping free 


water, or by the water levels in water table 
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The upper zone is the unsaturated zone, sometimes 
known as the zone of aeration, the vadose water zone, or 
the zone of suspended water. The lower zone is the 
Saturated zone, sometimes referred to as the phreatic 

zone. The lower zone a@lsoweontedns any confined water that 


Nay EX1St. @Figures2 allwstratéesethesvameus zones. !* 


The Unsaturated Zone 

Water in the unsaturated zone includes both stored 
and moving water. The stored water occurs as attached 
films on the ‘surfaces of particles. The stored water 
accurring above the’ capillary*fringe is ®alled "Hell veumimay 
water." 

When it rains after a dry period, the water moves 
into the soil and the pellicular water requirements must 
First be Satisfied before any excess water can move down- 
ward. Water in the unsaturated zone that moves downward 
as known as ‘'gravity water." 


Sometimes there exists in the zone of aeration an 


impervious stratum below pervious deposits that will 


ae F. Tolman, Ground Water (New York: McGraw-Hill 
TEV ON AMM OF cy ok: 1 A Bo oom CY AO 6 


leebid., pp. 39-40. 
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FIG. 2 - OCCURRENCE AND DISTRIBUTION OF SUBSURFACE 
WATER (From C. F. Tolman) Ss 







SOIL WATER 
Limited to the soil and 
reached by roots 

















PELLICULAR WATER 
POMewES LO GeOCheathr ft agien 
throughout zone of aeration 
and is not moved by gravity 
but may be abstracted by 
evaporation andstranse1 gation 

















GRAVITY OR VADOSE WATER 
Moves downward by force of 
gravity throughout the zone 








SUSPENDED WATER 





PERCHED WATER 
Occurs YocaYTly in “the zone 
above an impervious barrier 


UNSATURATED ZONE 
(ZONE OF AERATION) 







CAPILLARY WATER 
Occurs only’ merhe capreratry 
fringe at bottom of theszone 









FREE WATER 
Occurs below the water table 
and 1s bounded by the figst 
ETifective COMmrinine straecum 



















CONF ENED WADLER 
Occurs beneath a confining 
stratum 









FIXED GROUND WATER 
Occurs in subcapillary 
openings, not moved by gravity 







SATURATED ZONE 
GROUND WATER 
(PHREATIC WATER) 






CONNATE WATER 
Water entrapped in the rocks 
at the time of their formation 








INTERNAL WATER 





OPENINGS 
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support a body of water that is known as a "perched 


water file. 0 +o 


The Saturated Zone 

The zone containing free water extends from the 
water table level to the first impervious layer. The 
vertical location of the water varies considerably, from 
just below the ground surface to several hundred feet 
Below the ground surface in arid FTegions. The free water 
acts as a single water body, much like a surface stream, 
and moves by converting potential head into flow. The 
free ground water table generally follows the contour of 
the land surface, and a plot of the water table will 
micdreate direction of flow ot. a water. table. | Ine flew 
will be at right angles to the contours and from a higher 
elevation to a lower elevation. When wells are drilled 
into free water, the water will rise to the ground water 
level. Figure 3 illustrates free ground water. 

Also located within the saturated zone is confined 
water. This water moves in strata, conduits, or arteries 
under the influence of the difference in head between the 
intake and discharge area of the first impervious stratum, 
and may be made up of one or more such confined areas. 
The movement of such water is usually independent of the 


surface topography and is controlled by large scale 


2 int va elim 
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PIG. 3 - GROUND-WATER TABLE IN LOOSE, UNCONSOLIDATED 
MATERIAL. WELLS NOT PUMPING 


Ground Surtace 


. Well 
Water——~—~Table * 9 ' Stream 


ad 
ad 
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FIG. 4 - AN ARTESTAN WELL WITH AQUYTTPER EXPOSED Al tae 
SURFACE AND BEING PINCHED OUT AT DEPTH 


Intake area 


—teseure surface Cased well 
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aa Figure 4 


geographic and geologic conditions. 
aifM®\strates confined ground water. 

Figures 5 and 6 show that the majority of the wells 
an the study derive their water from fre@ groundwater. 
These wells are shallow and are near surface streams 
and/or ditches. The streams in the area flow through beds 
of boulders, gravel, sand, silt, and clay, called 
alluvium. Because these beds are stream fed they are good 
producers of free water, and have a typical thickness of 
25 @eet. In addition to these shallow wells, many deeper 
wells obtain their water from the alluvium, and use the 
added depth into the Pierre shale formation as.a water 
StOmage area. 

Both fixed ground water and connate ground water 
are also located in the saturated zone. Fixed ground 
water is held in small openings that resist movement under 
usual hydraulic conditions existing underground. This 
water is of no beneficial use to a well owner. Connate 
water is saline water entrapped when sedimentary rocks 


were originally deposited.!® 


17 Theodore R. Walker, Lecture to Class in Ground 


Water, University of Colorado, Spring Semester, 19606. 


18-o1man, Opmeclt., pues. 
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Motaons ot Water Underground 


The reason for motion of water in a porous medium 
is exactly the same as for movement in a pipe or conduit; 
because of the existence of a pressure gradient between 
two points. In the case of ground water the pressure 1s 
due to gravity acting on water at different elevations. 

It is seen that there is also an analogy between stream 
flow and underground flow in that both flows are from a 
higher to a lower level. The hydraulics of underground 
flow vary considerably depending on the following elements 
that control flow through a porous medium. >> 
I, The size or Ne pores Med Wavcnercat Moe romiae Lone 
2. Ihe pores! ty™ or ence mate rane 
5. Ine pressure praamene le 
a2 ihe teniperarti meme watcue 

The effects of pore Size obviously indicate a 
ereater flow for larger pore Sizes, such as in sand or 
gravel. Flow would be much greater for higher porosities 
Enan formelower porosities, »allsother clementscesbeung 
constant. The pressure gradient "1i'' 1s the change in 
pressure, or head, per unit length measured in the direc- 


meron ot flow. With a higher pressure gradiemt, a higher 


ee. S. Slicter, Tre Movtcme of Undewenound Water , 
U. S. Geological Survey Water Supply Survey Paper 6/7, 
Mechine ton: Government Printing Office e077), p. 18. 
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flow will result. Temperature affects the viscosity of 
the water; a higher temperature produces a greater rate of 
flow than a lower temperature. 

Different materials exhibit different permeability 
and porosity characteristics, and these variable factors 
are combined into a factor designated "k'', called the 
coefficient of permeability. With "k" known, Darcy's law 
will hold for flow through an underground route. 

The law is 

v = ki 


where 


it 


V velocity of flow through the material 


k 


thewcoef ficient of@perireabali ty 
1 = the hydraulic gradient. 
From water supply paper 596-F (pages 164-169) flow 
rates for unconsolidated material under a hydraulic gradi- 


ent of 1% are as shown in Table l. 


TABLE NO. 1 


AVERAGE VELOCITIES IN UNCONSOLIDATED MATERIALS 
FOR ONE PER CENT HYDRAULIC GRADIENT 


Hype of Material Average welocity, feectmpetlaay 
Black gumbo to clay 0 corurruGl 

Salt, fine sand, loess 0.042 

Sand, sandstone to medium sand 05 

Medium to coarse sand, sandy gravel 6255 

Gravel Zon 0 


Coarse gravel SOs 16, 
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As indicated in Table 1, ground water may move very 
slowly. Silreter™ctompares this mocwon of ground water to 
". . . the sloW"motion Of very viscous” syrup Or’ the™s lowly 
creeping ice of a elacier.""7° 

Havamig established faetors controling velocity of 
underground water by use of Darcy's law, and applying the 
Equation of Continuity; Q = kiA 

where: Q is the quantity of flow 

A is the cross-sectional area of openings 
the quantity of flow in a water bearing stratum can be 
determined. 

From Whe COnNtCINUlty=eaquactlon 1 cammepe Seen titat 
the quantity of water flowing or percolating through a 
given formation is directly proportional to the cross- 


sectional area, the hydraulic gradient, and the permea- 


Bality of the»material. 


Formation of a Cone of Depme Ss Siem and Pressure Relief 


When a well is placed in a free water zone, a ''cone 
of depression'' is formed as water is pumped from the well. 
When a well is placed in a confined water zone, a "cone of 
pressure relief'' is formed as water is removed from the 
well. 


2 a ae 
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Figures 7 and 8 illustrate a cone of depression and 
a cone of pressure relitery respectively . 

Both types of cone display a similar shape, but 
Hommally the cone of pressure relief is flatter and covers 
a larger area. The effects of pumping a water table well 
are seldom noticed beyond several hundred feet, whereas 
tiie CLiteCetwon —punpInNg a Gontined Watecrewell gmay be felt as 
a loss of pressure several miles away from the pumped 
weld, “~ 

As water is pumped from a well, flow lines are 
altered and tend to turn inward towards the well, or the 
area of low pressure. If water iS not pumped from the 
ground it will continue to flow in its slow viscous manner 
to=-one ef-many Outhets.—TFhe water tablesmayoamtersect the 
ground surface and form springs, be interrupted by a 
natural stream or drainage net and add water to the 
stream, or move on its course to the sea as a vast sheet 


of ground water or "under flow.''7/ 


elwalker, OP .melt . 
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PEG. 7 - CONE OF DEPRESS IONSFORMED BY PUMPING 
A WATER TABLE WELL 






Ground surface 
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| Highly pervious material - 
Less pervious 
material 
FIG. 8 - CONE OF PRESSURE RELIEF DUE TO A FLOWING 
ARTESIAN WELL 
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GEOGRAPHIC AND GEOLOGIG DESCRIPTION OF Ine eDISTRICT 


The city of Boulder is located in the approximate 
center of Irrigation District 6. The District is bounded 
on the west by the Continental Divide, and extends east- 
ward five miles beyond the city of Longmont. It extends 
some eight miles in the north and south directions from 
the city of Boulder and covers 512 square miles. 

The area to the west of Boulder is the mountainous 
watershed for the streams in the District. The area to 
the east of Boulder is part of the Continental slope that 
extends to the Mississippi Valley. It consists primarily 
Of a terraced flood plain, covered by the outwash of the 
streams emerging from the mountains. 

Since an overwhelming majority of the 1100 regis- 
mered wells is located in the flood plain region, rather 
than in the mountainous region, more emphasis in the 
report is placed on the region east of Boulder. 

The general geology of the mountainous region can 
be described as weathered granite with varying degrees of 


Soil cover. 





a5 


The general geology of the plains area can best be 


described in Table 2 and Figure 9. 
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TABLE NO. 2 








TYP TGAL 


MEM- THICKNESS 


FORMAT ION 


BE a eel 


PHYSICAL CHARACTER 


WATER SUPPLY 





Alluvium (Qal) 


Eolian silt 
and sand (Qes) 


Undifferentiated 
upland deposits 


(Qre) 


Terrace gravel 


(Qtr) 


figs 


Boulders, gravel, sand, silt, 
and clay 


Poorly sorted sand and silt; 
contains some pebbles 


Boulders, gravel, sand, 
and clay 


Cobble and pebble gravel; 
contains sand and silt. 


Yields moderate quantities 
of water to wells, sprigs, 
seeps. 


Generally lies above water 
table. In some areas yields 
small quantities of water to 
wells. 


Generally yields™small quan- 
tities of water to wells, 
Spranmpe, and) seeps. Yields 
moderate quantities from 
sorted gravel in a few 
places 


Generally lies above water 
table. In some areas yields 
small quantities of water to 
wells where saturated. 
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TABLE NO. 2 - Continued 











TYPICAL 
MEM- THICKNESS 
FORMATION BERwMePEET PHYSICAL CHARACTER WATER SUPPLY 
Arapahoe 200 Arkosic sand, gravel, and Yreldsymoderate Guametties 


formation (Ka) 


Laramie 


formation (K1) 


Fox Hills 
sandstone 
(Kfh) 


Fox Hills 
sandstone 
(Kf£h) 


| a 


Byte 


400 


We, 


conglomerate interbedded with 
clay and shale; contains large 
Tronstone Concretions. 


Blue-gray silty shale; con- 
tains several silty sandstone 
beds and lignite seams. Coal 
beds scattered throughout. 


"Salt and pepper" sandstone 
uniformly medium grained, 
fairly hard, massive. 


Similar to "B" sandstone 
above, but has slightly yellow 
tint. Frequently thin sands 
interbedded waith siltstones and 
Shale, but in places massive. 


of water to wells. Water of 
fair to good quality for 
most uses but dissolved 
solids concentration varies 
considerably. 


Yields little or no water to 
wells in area. Water is of 
poor quality. Contains 
hydrogen, sulfide, iron and 
methane. 


Yields moderate quantities 
of water to wells. Water of 
pood quality except, im wloecal 
geologic structure, where it 
may have undesirable amounts 
of iron, or hardness. 


Moderate yields of good 
quality water to wells. 
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TYPICAL 
MEM- THICKNESS 
FORMATION BER BEET PHYSICAL CHARACTER WATER SUPPLY 
Fopaeliaelels Milliken 100 Extemsive fosiemiligerous quartz @Moderatesv1¢ldasof ood 
sandstone sandstone containing biotite quality water to wegds.s. 
(Kfh) and muscovite. Characteristic 
yYetlowecohor caused by iron 
Oranae. 
Fox Hills Tran- 900 Interbeddedysandmeand. shale ; Poor, not developed as an 
sandstone sition becomes more shaly near ae Ber weeyYields small 
(Kfh) ZOmMe bottom. amounts of poor quality 
water to wells: 
Pakoapne 
Shale (Kp) 7500+ Dark-gray to black marine Poom! yveldsesmal] "qmwan- 
Shale, and silty sandstone tities of water in weathered 
containing thin limestone Zomen to Wells. 


lenses. Hygiene sandstone 
member; Dark greenish-gray 
and gritty sandstone; about 
500 feet thick; lies about 
1,500 feet above the base of 
Dib Pe igen 
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TABLE NO. 2 - Continued 











TYPICAL 
MEM- THICKNESS 
FORMAT ION BER BEET PHYSICAL CHARACTER WATER SUPPLY 
Niobrara Black to gray calcareous Poor, yields small quanti- 
formation (Kn) 300+ marine shale, gray to greenish ties of water in weathered 
white limestone and white zone to wells. 


chalky marl. 


Benton 500 Blue-gray and dark-brown Poor, yields. smalil@quantnr 
Shale (Kb) fossile marine shale, per- ties of water in weathered 
Sistent bentonite seams, zone to wells. 


chalky limestone, and thin 
Sams tonemmcar top. 


Dakota 20:0 Fine- to medium-grained, Poor to moderate quantities 
sandstone (Kd) fraable tositimumegray-white of water to wells near 
sandstone; thin-bedded to outcrop. 


massive; contains some shale 

in the upper part. Dark-gray, 
Silty, carbonaceous shale in 

the middle part. Coarse-grained 
gray sandstones locally con- 
glomeratic in the lower part. 


Morrison 300 Varicolored claystone, lime- Unknown 
formation (Jm) Stone, mudstone, sandstone, 
and siltstone. 
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TABLE NO. 2 - Continued 





TYPICAL 
MEM- THICKNESS 
FORMAT ION BER FEET PHYSICAL CHARACTER WATER SUPPLY 
Ralston Creek 40 Calcareous sandstone and Unknown 
formation @re siltstone in various shades 


of red and gray. 


Entrada 30 Fine- to medium-grained Unknown 
sandstone (Je) well-sorted white sandstone. 
Lykins 550 Interbedded soft sandstone Unknown 
formation (Tr Pl) and sandy shales containing 


some limestone. 


Lyons 72330) Firmly cemented crossbedded Moderate yields of water to 

sandstone (P1) quartz sandstone. wells and springs near out- 
GmOp. 

Fountain 1,000 Crossbedded very arkosic Fair, small yields to wells 

formats ome (PPT ) Gong Pome ragere sands tone; Ror. and Sprines nean Outecrop. 


tains numerous mudstone and 
Siltstone layers. 


Crystalline rocks Igneous rocks and metamorphosed Fair, small yields to wells 
(pe) sediments. and springs from fractured 
and weathered zones. 























Terrace gravel- 
Arapahoe 
formation 
Laramie 
formation 





Alluviun. 


Pi Golian silt and 
| sands 


ee 1 um 
Undifferentiated 


upland deposits 


Boulder 
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CHAPTER V 


THE @0MPILATION OF aDATA 


Well Numbering System 


The system of numbering wells is based on the U.S. 
Bureau of Land Management systems of land subdivision. 
The well number shows the location of the well by 
quadrant, township, range, section, and position within 
the section. This@®@method issrtlusmrated by Figure 10. 
The capital lett mers es Oem oOcatemthe well by 
quadrant. The quadrants are formed by the intersection of 
the base” line and the princ¢ipal meridian. A indicates the 
northeast quadrant, B the northwest, C the southwest, and 
D the southeast, @uadrant. The first numeral indicates the 
township, the secemd mndc ate semtiic@range, and the third 
indicates the section of the well location. The lower 
@ase letters following thewsection number locate the well 
within the section. The first letter designates the 
fMmatter=seetion, and the second denotes the quarter- 
quarter section. The letters are assigned within the 
Section in a counterclockwise direction, beginning with 


(a) in the northeast quadrant of each section. Letters 
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are assigned within each quarter-section in the same 
manner. Where two or more wells exist in the smallest sub- 
division, consecutive numbers beginning with 2 are added 
to the letters. For example, B3-4-15da2 would indicate 
the well shown in Figure 10, as being the second well in 
me northéast quarter Of@the SoW@tneast quarter of Section 
#5, 1.3 N., R.4 W. The capital letter B indicates that 
the township is north of base line, and that the range is 


west of the principal meridian. 


Post Card Survey of Wells Used in the Study 


Pol wells livs@ed in Ground Water Baisic-Data Release 
Ror l7;, L964 that were locatedwingimmzgation District 6, 
were set down in tabular form as shown in the appendix. A 
total of 1100 wells with a capacity of 44,298 gpm is 
iisted. 

A mailing list was formed from the addresses shown 
mie basic Uagra RewerscrNe- ni, mem 899 letters and 1100 
questionnaire post cards were mailed to these addresses on 
December 17, 1965. A sample of the letter and post card 
are shown on the following page. From the first mailing 
of 899 letters, 335 were returned as undeliverable due to 
insufficient address, moved with no forwarding address, 
and for various other reasons. Of the 335 returned 


letters, and an unknown number of post cards, 96 letters 


were remailed January 20, 1966 after consulting the 
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770 32nd Street 

Boulder, Colorado 

December 10, 1965 
Dear Well Owner, 

Your cooperation in filling out and returning the 
enclosed self-addressed questionnaire card will help in 
the collection of data needed for a thesis that I am 
preparing for an advanced degree in Civil Engineering at 
the University,of Golorado,. 

Eyery well is importamt, sand accuracy ing fil lune 
out the questionnaire and promptness in returning it will 


Dememcatly appreciated. 


Sincerely, 





WELL LOCATION C/- 7O-l2aat 


WHAT IS THE ACTUAL NUMBER OF GALLONS PER DAY 


USED FROM THE WELL? (MEASURED, ESTIMATED? ) GAL/DAY 


IF MEASURED, HOW? 


USESOER WAT ERw(GHECK, @NESOR MORE) deeeFOUSETOL Des ( ) 
IRRIGATION ( J OnMER™ ) 


(SPECIFY) 


DEPTH TO WATER TABLE? 
(FT) 
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Greatememetro Denver lelepnone igceugry.. From the post 
Card Questionnaire, 29) were returned mepresenting 24.5 
perecent ©f the cards marled, or 5353 pemececmemof the 861 
post Cards"that were assumed to”™have been) delivered. | Of 
the replies, 214 stated the amount of water used. A 
detailed breakdown by township of the results is shown on 
foapie 3. 

Table 3 shows a total capacity for all registered 
wells of 44,298 gallons per minute. The capacity listed 
of the 214 wells that reported the amount of water used is 
emune 7,515 gallons per minute. The ratig of 77513 te 
g45298 15 0.170, and the ratio of 214 to 861 ais 0.2488 
This indicates that the small capacity wells reported 
usage in a larger proportion than did large capacity wells. 
Also, comparing the columns listing average capacity of 
registered wells and average capacity of wells reporting a 
capacity illustrates the same relationship. 

It can be seen that the distribution of the post 
card returns is spread very evenly throughout the townships 
with the extreme of no well reporting for the three regis- 
tered wells in township B1-68, to a high of three of the 


four registered wells reporting in township C2-73. 


Personal Interviews 


Aerial photographs of the area east of the city of 


Boulder were examined prior to the selection of the sites 




















= TABLE NOME 
SUMMARY OF RESULTS OF POST CARD SURVEY 
Capacity Average 
Number his itera Capacity 
of wells of wells listed 
Number of Average Number wepor t - Fepert - of wells Amount 
registered Capacity capacity of wells ing iy 7 Lepore mec pont 

Town- wells in listed listed Peper t - amount Capacity a capaci- ed used 
shi townshi (gpm) (gpm) in used (gpm) ty (gpm) (gpm) 
B1-68 3 B27 Ie 0 0 
B1-69 735 2,307 S77 65 Ss 738 22 ZZ 

ge “el=70 a7 5 1459755 40 103 72 lea 8 17 16 
B1-71 JIG 990 9 55 ae 279 10 4,0) 
B1-72 9 78 9 5 2 2 1 1 
B1-73 0 0 0 
B1l-74 0 0 0 
B2-68 5 1,369 456 1 Il L550 L550 889 
B2-69 i 15 ES 1 il 5 15 i 
C1-68 0 0 0 
C1-69 Ss 8,485 1G 16 is Si AS 249 10 
C1-70 247 6,155 25 45 29 435 is 24 
C1-71 46 8,674 189 13 al 18 2 We 
Cla Z 36 168 5 ligt i) 0 19 iI 
C1-73 15 108 A 3 Z 55 18 1 
C1-74 0 0 0 
C2-69 


ae 5 ea 
a a 


Ofao 710) 
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TABLE NO. 3 - Continued 


a 
Capacity Average 







Number licieed Capac Et y 
of wells of wells listed 
Number of Average Number repere- report - of wells Amount 
registered Capacity capacity of wells ing ing a reporting report- 
Town- wells in listed listed Beper F- amount Capacity a capaci- ed used 
shi townshi (gpm) (gpm) ] used (gpm) t (gpm) 
Cg - 71 yi 116 A 16 9 12 i z§ 
Gz- 72 48 Z7o 6 6 5 16 3 1 
CZ - 75 4 20 5 3 2 igs 6 1 
CZ-7s 0 f Y 0 
Totats 1100 44,298 291 214 Mm, O15 1 4 
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to be vaileeted. The coveravgesareca of three sets of photo- 
graphs dated July 23, 1937, September 17, 1949, and 
October 5, 1964, were plotted on a map. An area of over- 
lip. Occurred in. seetiongsomond s450f I71 N., Be 70_W. 
These two sections are bounded on the south by Base Line 
Road, and are between Base Line Reservoir and the city of 
Boulder. Empson Ditch runs through both sections in an 
easterly direction. Bear Canyon Creek runs northward 
through section 33, and South Boulder Creek flows north- 
ward through section 34. A small part of Base Line 
Reservoir lies in the southeast portion of section 34. 
Residences to be interviewed were selected from the 
1964 photograph, and occupants were interviewed on 
April 2, 1966. <A total of thirty-six houses were selected, 
eighteen from each section. The results of the interview 


are as shown in Table No. 4. 


TABLE NO. 4 


SUMMARY OF RESULTS OF PERSONAL INTERVIEWS 
INTERVIEWS NO. WELLS NO. WELLS AVERAGE WATER 


SECTION OBTAINED OWNED REG Lote REDS Eran (GPD) 


B1-70-33 16 10 1 17' unknown, 
Summer 
Tae ai- 
Clon 
only 


Bile 70-24 31 20 3 Zale! TSO 
(CEOt al) 


BOTAL 29 30 4 19! unknown 
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The residences in section 33 derived their domestic 


water from the Wagoner Water District, and used their 


wells for lawn irrigation only. 


who did not have an irrigation 
planning to obtain one because 
were too high to use the water 

The wells in section 34 
l1rrigation water. Most people 


two wells; a very shallow one, 


Every person interviewed 
well said that they were 
the Wagoner. water rates 
fot ari oa ON. 

Supplied both domestic and 
reported that they owned 


usually less than 10 feet 


deep, for irrigation, and a deeper well for domestic use. 


Several people with lots adjacent to South Boulder Creek 


did not bother with an irrigation well - they pumped water 


directly from the creek during 


irrigation. 


cire Suilmler Lor Tawn 
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CEARIER Vi 


GENERAL CONCLUSIONS 


Creditabal ity oie thes Data 


The bookkeeping involved in compiling the data from 
only 1100 wells was tedious, and required the copying of 
data from many different sources. Therefore, there is the 
possibility forterrors. It 1s no surprise then, because 
om tive lamger number of wells, that there were discrep- 
ancies between the various sources of data provided by the 
State. For example, the primary source of data that the 
appendix is based upon, Colorado Ground Water Basic-Data 
Relcacemlicrly yall OlpelistedelOOmwchls win the Drstrict. 
whihe Colorado GrowndeWatem Basace Report No. 5, 1961, 


bisited 285owellss inethesDistricteseOtethe latter nepont, 


only 82 of these wells were also listed in Basic-Data 


Release low 17 .eSincemthis faet@ias mnotedasecove red suntal 


after most of the post card questionnaires were returned, 
it was decided not to include the additional 201 wells in 
the appendix. In addition, there were 144 city well 
mermits filed in Boulder's Building Inspector's Office 


that were not included in the appendix. It could not be 
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determined from the information available if any of the 
city well permits were issued for wells registered with 
the State. These records indicate that there exist at 
least 1445 wells in the District. 

Another discrepancy that existed between the two 
reports was in the location of wells within sections. Of 
the 82 wells appearing in both publications, approximately 
ZUSVere 10t' 1n a2preenemuesas to witen Gt@arter-quarter 
section they were located. The fact that they were the 
same well was established by comparisons of well owners, 
dates of completion, and depths of the wells as listed in 
the two publications. The placing of wells on Plate No. 1 
Was delelmilmicUus iron we Minbar coms sin Basic-Data Release 
No. 17. 

Another case of apparent discrepancy is typified 
by irrigation well B1-70-19ca2. This well shows a depth 
of only 13 feet, but the water table is located at 20 feet. 
Either an obvious typographical error has been made or the 
well is a poor producer. 

Furthermore, some of the data reported on the post 
card survey are obviously in error. For example, wells in 
the B1-69-lbc quarter-quarter show a depth of around 240 
meet, wWitle the 1reporeea dept eo water 15 listed” at 265 
meee tL 

The preceding examples show that this study is not 


an exact and absolute description of ground water 
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apprepriationsmin thie diiervet, but i1syehowevem, a general 
indication of what iS occurring in the way of ground water 


appropriations. 


Probable Number of Wells and Water Usage, Present and 


metic 

ie present number of wellcmin the Dastrict. 1S an 
BeecesS Om aene ll00sresistered wells, with records 
available indicating at least 1445 wells. From observatians 
obtained from viewing aerial photographs, personal inter- 
weews, and automobile trips through the District, it is 
the author's estimate that there are three times this 
number, or approximately 4000 wells. 

Table No. 3, the summary of results of the post 
@ard SUrVey, ShOwWS that #£or the wells reporting a capacity, 
Moeanr tGral lasted capacity was 7,515 gpm. [he amount of 
mater used from these wells was 1,133 gpm, or only about 
imo) per cent usage of listedMeapacity. Applying the 15 per 
eent to the limited capacie, of T1100 wells orm44 ,298 gpm, 
yields a probable usage of 6,600 gpm for 1100 wells, or 
6 gpm per well. Applying 6 gpm per well yields 24,000 gpm 
for 4,000 wells or an equivalent flow of 53 cfs. 

The summary results from the post card survey and 
the personal interviews, Tables No. 3 and 4, can be 
utilized to obtain future usage data. The prediction is 


based on the assumption that the data established in these 





oe 


Tables 18 correct, and represents a true presentation of 
Drcdlevea fUtUme PrOUNd water devcreoument in the District. 

Table No. 4, the summary of results of personal 
interviews, shows that there are a total of 30 wells, and 
that only 4 of these wells are registered. This 
represents only 13.3 per cent of the registration. Apply- 
ing this 13.3 per cent to the 1100 registered wells, 
yields a possible existence of 8,250 wells. Again apply- 
ing 6 gpm per well yields 49,500 gpm for 8,250 wells, or 
an -€quivalentemiow of liM@mefs. 

As was stated in the introduction, the area for 
memsonal, ganterviews was mnepresentative ofeiuture well 


devreLonment an the District. «lNewextenk: Ofethes~snowth of 











Pile. arcameany be. seenubyathestollowingetable., This table 
was prepared by counting the houses shown on the aerial 


photographs. 





| TABLE NO. 5 


| THE NUMBER OF HOUSES IN SECTIONS 33 AND 34 
OE ele TN cues Rea0 by 


ee ee 


|| YEAR SECTION 33 SECTION 34 
|| 1937 24 20 
/|1949 27 40 








| 1964 1a 146 
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By recalling sunaweume percentage of reports of low 
Capacity wells was higher than the reportage of high 
Capacity wells, it can be shown that the predicted water 
usage is too low. On the other hand, it may be stated 
that the area selected for personal interviews may favor a 
prediction of water usage that is too high. The exact 
effect of these two ideas is not known, but may be thought 


of as cancelling each other. 


The Sotmee of Water 

Thiesprexamitveot the wells to a surface stream is 
indicative of the source of water for the well. Figure 5 
shows that over one-half of the wells in the study are 
Mocate@ within one mile of a stream, and that approxi- 
mately one-fourth of the wells are located within one- 
mourn Ofea Mile Of a Stream: Figure 6 shows that almost 
one-half of the wells are less than fifty feet deep. 

Several Crosses ections in Freure ll are shown to 
illustrate why so many of the wells are near a surface 
stream and are shallow. The cross-sections were drawn 
mom selected well logs taken from Basic-Data Report 


No. 5. An example of well logs is shown on the following 


||page. 


The fact that these wells are free ground water 
wells, rather than confined water wells allows many wells 


mombpe placed in a small area. “Recalling that the effects 
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SELECTED WELL LOGS 


Bi-7 O0-19eo. Alt. 5,390 4te 
lay 
Alluviun: 
Clay and gravel (water level, 
8 feet) 


Clay, gravel, and sand 
Pierre shale (bedrock): 
Shale 


Bl-70-20Go2 Alt. 5 9955 ET. 
oyna 
Undifferentiated upland deposits: 
Clay, sandy 
Clay, (water level, 6 feet) 
Sand and gravel 
Clay, sandy 
Pierre shale (bedrock): 
Shale 


Bl=70-2lcoe. SAME. 5,285 ee 
soil 

Undifferentiated upland deposits: 
Sand and gravel 
Clay (water level, 8 feet) 
Sandstone, hard 

Pierre shale (bedrock): 
Shale 





Bl-70-22ad. gAiats Sel75 ft. 


Srluvium: 


sand and blachedirt 
Sand, silt and mica (water level, 


10 feet) 
Pierre shale (bedrock): 
Shale 
em- 70-2add.. Alt. 5.1/2 f2. 
| STS) ge 


| Alluviun: 


Gravel and sand (water level, 
3 feet) 
Pierre shale (bedrock): 
Shale 


Thickness 


PRN 


WG 


Ae 


16 


54 


Depth 


5 
10 
ul 


S7 


1 
Jay 
28 


ol 


20 
ni) 


76 


26 
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of pumping a free ground water well are measured in feet, 
while the effects of pumping a confined water well are 
measured in miles, each free ground water well has little 
noticeable effect on the other, unless two wells are 
Spaced sowclose that thelr comes of depmession intersect. 
The effects of permeability on wells in close proximity to 
each other will be greater in those materials having a 
high coefficient of permeability than on those wells in a 
material havyane a lowseoetticient of permeability. This 
is illustrated in Figure 7. Because most stream beds are 
of a highly permeable material, the influence on adjacent 
wells can be notaced. However, because of the proximity 
of the stream, the influence of the stream is also felt on 
each well. 

Cross-sectionsA-A', B-B', C-C', and E-E' show that 
water is being obtained from ailuvium deposits. Cross- 
sections D-D' and G-G' show that water is being taken from 
undifferentiated upland deposits. The deeper wells of 
cross-sections A-A', F-F', and G-G' are shown taking their 
water from confined water of the Fox Hills sandstone 
formation. These cross-sections are typical of the Plains 


area. 


populatigueGnowth in welie District 
Mie cS tCin2ibedepopmatloneof chesocrty Of Boulder on 


1 January 1966 was 52,588, as reported in the Statistical 
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Abstract, prepared and published by the Boulder Chamber of 
Commerce. The 1900 cénsus showva pepulamon of 375718. 
the fictwes tor the Boulder metropelitan area are 63,000 
and 44,167 respectivelyer ior she Same yearsv’™’ This*repre- 
sents rates of population increases of approximately 3000 
per year for the city and appresminagel yee, /508per year 

for the metropolitan area. “With this rameset growth for 

a small population area, it can be seen that the demands 


for water will be increased. 


Conclusion to the Effects of Ground Water Appropriations 
on Surface Water Rights 


The following conclusions are drawn from the study 
ea IYrdeaeron Distrieteo. | 

1. There are presently approximately 4,000 wells 
pumping approximately 24,000 gpm, or an equivalent 
flow of 53 cfs. 

2. Approximately one-half of this amount is being 
pumped directly trem Swerace stream bedse This 
figure is based on the proximity of the wells to 
the streams, and to the depths of the wells. The 
amount of the water that is returned to the ground 
and surface stream 1s undetermined, but 1s 
estimated as between one-half and three-quarters 


of the amount taken. 
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3. Populationetrends indicate that a greater demand 
will be placed on the watem@mecsources in the 
Fue 

4. The “first in@emeye firs in right doctxyinegas 
upheld by the Colorado courts is being violated. 

5S. Many well owners are violating the law by using 


domestic water for irrigation purposes. 


Recommendations 

Due consideration should be given to the proper 
administration of existing laws, bearing in mind that to 
do so will probably result in non-use of a large portion 
oft the Wadereroumed warmer resounecme lf this ismthe course 
to be followed, it should be made known to all present 
and potential surface and underground water users, so that 
ehelr economic planning woulld be based on established 
policies rather than chance and hope. Another feasible 
alternative is further legislative action that would allow 
both surface and underground water appropriations to be 


administered as a whole, rather than as separate entities. 
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NOTES ON APPENDIX HEADINGS 


LOCATION - method of determining the location is explained 
on page 

DEPTH TO WATER - given in feet below land surface; ‘'FLOW" 
indicates that water level is above land surface. 

DEPTH OF WELL - given in feet below land surface. 

PeeACITY PISMED - given in wal llonmsamer minuce; “PRY” 
indicates yield 1s insufficient for intended use. 

PURPOSE = types of uSesS aremnotedepy the following: C, 
commerecmal; Deedomese:c:# Iewirrigation; IND, 
industrial; Mf» municipalk Sy sock. 

E@ot CARD SURVEY RESULTS 

WATER USED - given in gallons per day; "DRY" indicates 
yield iS insufficient for améended use. * indi- 
Cates a measured value, all others are estimated 
values. 

WEPTH TO WATER - given in feet bellow ground surface. 


PURPOSE REPORTED - same as PURPOSE above. 
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Pur - 

Depth Depth Capac - Date Depth pese 
hoca- oe of ty Pur- AppEe- Water to Repo rt - 
tion Water Well  Uvsted qesesomeamed (Used Water ed 
B1- 68 
6bb 29 35 800 I - 38 
18cb 10 ne ie? D 4-27-60 
$fea 140 480 10 D 6-24-63 
B1- 69 
lbc 40 260 Tes D 5-8-62 4G0 265 D 
tbc zZ 30 248 10 D 4-14-62 400 265 D 
Inbic 3 40 250 IS D 4-12-62 400 265 D 
lbc4 S50 240 LS D 5-10-62 400 265 D 
tpe5 20 240 12 D 4-30-62 a 6 Ze D 
Iycyerte’ 25 240 12 D 7-3-62 400° 265 D 
lee / 60 255 ILS D 11-11-62 
ites 50 235 12 D 7-5-62 AO, 265 D 
ie 9 ao 62 1k D 7-8-62 400 265 D 
tise 1 0 SO; 30 18 D 9-4-62 
ieee) | 90 265 18 D 9-6-62 
2dd 8 Ie 395 I 6- -54 
2dd2 ie 45 8 D 7 2 Sea) 
7aa 200 325 12 D 7-29-58 
llad 6 Z5 4 D 6-13-62 
llad2 4 aS 10 D 5= 17 = 6Z 
llads 5 10 15 - 6-15-60 
i2cb 6 50 30 D 7-18-63 200 80 D 
ie eb 2 8 50 25 D 2-6-63 
l3aa 30 60 20 D 7-30-63 80 60 D 
l3aaz2 35 50 iS D 5-16-63 300 25 DI 
l3aa3 35 60 30 D 6-20-63 
l3ac 45 97 - I 5-14-61 
l3ad - 39 10 D 5-10-40 128 2G DI 
aia cl 2 Ze 62 20 D 11-6-62 1,000 27 I 
ipo b 15 fd Z D az =o 86, U0 30 S 
Sb bZ 2) 6 AS 3 D 11-7-62 ILS 50 DI 
ies bc eS 60 8 D 12-7-61 
io Dc 2 les 58 10 D 10-15-61 
13dd 42 50 23 D 11-27-62 
l4ba 2 48 20 D 10-5-61 
l4da 1Z5 326 10 D Ik2 - 165 G2 400 265 D 
W@a2 150 555 40 D 10-3-62 AG eee. 05 D 
Bedas 125 370 18 D 9-28-62 400 265 D 
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| Pur- 
! Depth Depth Capaci- Date Depth pose 
Loca- to of ty Pir- Appao Water to Repo xt- 


Gion Water Well Listed pose priated Used Water ed 
B1-69 - Continued 


14da4 150 S45 40 Bb Gees 400 265 D 
14db 165 400 25 : 73-65 400 265 D 
}j 14db2 125 345 12 DD eee 400 265 D 
(| 14db3) 14 «135 10 yD ioe 400 265 D 
1} 14db4 30 225 Le B GerS-62 400 265 D 
| 1S5aa 10 #50 3 me 92152 om 100 10 DI 
|| 15¢ed i «oe 100 I we 2 Oe 
l6dd 100 180 30 ti ME S58 
||] 18bd 50 154 3 D : : 2 = 
|| 19ab iL. ys Al 10 D S-10633 1,000 11 DS 
(| 19dc ni) esc) 35 D @& 46-59 250 50 D 
20ba 180 480 5 D Se (0 243 DS 
|| 21ba 50 290 24 mB 8 a5-01 
| Zilkea 1S 8 20 D 10-7-60 1,000 19 DI 
a2 bea2 18 70 20 D 5-10-60 
|] 21cd 5) C62 7 & 12-60 
1| 23cb 18 458 10 D 9-8-58 
24aa 225 225 600 I ge 346 
Z4aaz2 ~ 2275 10 D 8- -46 
24bb VG goa 12 D 8-13-4159 
27dc 7O) «6346 30 D Oise 
'| 31ca 5 56 30 BD Gi-7eess ° : IS 
leer 2 8 76 8 D 6-24-58 0 - - 
Sicc Lal 48 10 D 6-14-58 
31cd 300 Vow 30 wm ie-g—-57 
Bred 2 6 40 10 i 6-13-55 
31dd = Taz Dry D 6-22-61 10,000 200 DI 
Bilddz 60 135 37 D 4-4-63 
miles «6©6CUd1S)=150 25 0 = SO 
32bb 30 172 12 D 10-8-58 
32cc Zor 168 10 D 8-23-61 3,000 135 DI 
32cc2 | 15 mM) Bose 6,000 50 I 
Beecs «#862135 «205 15 hm §-3ee2 2 : DI 
peec4 145 235 1S D 5-5-62 450 70 I 
33cc 20 93 1) ee bibs Seay) 
34da 40 490 3 BD 423-05 350 258 S 
36cc 24 52 1 Me So se 
36cc2 #11 33 30 i) Me oe 
36cd 16 28 200 I -45 
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Fur= 
Depth Depth Capaci- Date Depth pose 
Le@a- to of ty Pug- Appro- Water to Repor t- 
tron Wwaeer Well] .Uasted svose mrrated Weed Water ‘ed 
B1-70 
| 7 de eZ 75 1 D 7-16-59 
mn 7 CG Z5 80 1 D 9-13-61 
le 7 da 27 45 10 D 12-4-58 
ie 7de 18 76 2 D 1-13-60 
ry 7.dad 12 41 3 D 10-7-61 
ma 7dd2 iz & 2 D S22 1se1 
ie Perd3 8 30 50 D 7-27-59 
1} 8dd 60 7 2 D 4-27-62 
8dd2 Is 89 2 D 9-16-61 300 DI 
8dd3 21 50 8 D 2-2-61 
8dd4 18 50 7 D 12-4-57 25 45 D 
8dd5 18 74 5 D 9-14-61 
8dd6 5 74 4 D 9-25-61 
8dd7 ZO 861 6 D 9-28-61 600 30 D 
8dd8 jal 92 2 D 1-26-62 125 20 Dis 
8dd9 6 51 6 D 8-13-59 
8dd10 Z5 89 1 D 9-20-61 80 16 D 
Sib 225 450 7 M 9-10-61 
Vee 9 Is 50 D 10-1-61 
ised Z 31 40 D 4-20-61 
elocd2 7 27 ie D 10-14-58 800 48 DI 
l4ac S Tey 10 D 2-26-58 0 irs - 
l4ad 4 28 9 D 3-31-58 
l4ca a5 3 D 1-31-63 - - D 
acc 6 IZ 13 M 1l- -56 i ce DIS 
14db GS Sal 5 D 7-31-58 
15ab 14 20 D 11-1-61 
15ba e4 16 20 D 7-27-61 
| 15ba2 14 il 4 20 D 7-27-61 
|| 15bb 9 Lat 40 D 11-3-62 
1l6bb lo iss Z D §-1-62 
16bd flow 9 0 I 6- -50 
16bd2 if ILS 65 D 1-18-65 
16bd3 7 12 60 D 4-18-63 
EDC IG) 30 40 1-20-61 
l7ca 6 a 20 D 5-25-61 
17ca2 20 60 5 D 9-8-58 
ie cb 4 30 30 D 6-26-57 
EV CC 64 it D 1-15-59 
Ieeec 2 Ik oa 13 D 9-21-59 
lerdc 8 16 B20 I 
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Pur- 
Depth Depth Capaci- Date Depth pose 
Loca- te of ty Pur- Agpro- Water to Repor t- 


trom Werter Mell Uisted pese pebated Wsed Water ¢d 
B1-70 - Continued 














| 18aa 20 65 10 D 3-27-61 
mw isaa2 19 # £35 8 Db Geile? 
18aa3.36~—s« 40 il i sesoeo) 
18ab 18 GO 10 i) ae lei 5 
18ac Gs 30 40 2-10-62 
11 18ac2 18 #40 4 i 4600 
| 18ac3 18 £40 4 hb 8 42=c250 
1! 18ac4 23 «75 1 ib  1ieesoe0 
18acS = 6. 113—Sts«OSS 6 MS 6) hs 
(| 18ac6 11 #235 40 el 1 exei) 
weleae7, 4 37 20 D 4-15-60 
18ac8 & es 50 i 64 oe 
18ac9 11 #35 42 BD Si 5eG0 
WeaclO 1) £35 40 D 824260 
18acll 14 #35 20 D G@20-60 
Meacl2 7  A0 S D 8214-60 
18ad 17 660 40 D Be Taeol 
ieead2 14 12 D SEeile-c0 
18ad3 15 35 20 D Gezieoo 
|| 18bb 12 “0 il il ne 2 1-08 
‘| 18bb2 8 30 20 » Jie 7 
18bc jn (0 15 b 347862 
18bc2 6 40 20 fh 8 oapess 
18bd 15 35 20 a, Pe i 
18bd2 3 30 45 DM Ty 
18bd3 7 20 D &2-16558 
18bd4 12 #424 8 D  Wl-24550 
MelsbdS 18 26 12 D ia sro 
| mebad6 14 #&«322 10 D oes =59 
Meiebd7 12 #«919 6 m  2eaes9 = A S00 20 D 
| 18ca 6 30 20 BD 6-52 62 
‘| 18ca2 ge 21 3 10 eo 2 Tow 
|] 18ca3 a os 30 » Gago or 
| 18ca4 2 8 S D Se70-60 
Metmecb2 15 62 S | BES erg ise 30 D 
merecb> 14 40 7 Mesa 2 150 +20 DI 
mesch4 8412 = 40 7 Dy 3-02 150 20 D 
Betseb5 12 £45 8 m S250 200 «©6270 DS 
Melecbo )6©6100ClCd 34 ib Se6s62 
merseb7 15 8&5 8 bb Sess 





OO OSE iS : ; 
- ~ . i ee ee eee 
| a Game cpg 








71 


Pun 
Depth Depth Capac - Date Depth pose 
loca- to of ty Pur- Appro- Water to Repor t- 


tien WateriWell Usted. pose priated Used Water ed 
B1-70 - Continued 






































18cb8 
18ec 
18cc2 
Lecce 5 
18cc4 
eee 5 
18cc6 
Need 
Weed 2 
leeds 
18cd4 
18ied5 
18cd6 
l8e@d7 
18cd8 
ecd 9 
18da 
18da2 
18da3 
18da4 
18da5 
18da6 
18da7 
18da8g 
18da9 
18dal10 
18db 
18db2 
18db3 
18db4 
18db5 
18db6 
18db7 
18db8 
18db9 
18db10 
18db1l 
18db12 
hoabl 3 
18db14 


bo 
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ee 
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bs 
NOCOWOAWOWMNMNOOn~IE 


Sp 
Pray PhOS 
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MORE = 58 
Ge 4 G2 
(7) 
a8 
9-6-6 
Dabo Sy 
ORE ci — oye! 
522 On 
7-291 
) = Leo | 
7 Lomo |. 
S- 135- Ss 
Pe e010 
Sal org 
La70- Se 
9-9-0600 
Oo 0 Z 
iO T—62 
2 Ae 2 
ie Sain 
Ve 77 6 
Ne Jats) 
= Sera 
ie - P58 
el) -e SHS 
S- i eu 
i - 206 60 
S14 oO) 
3-25 - Om 
tee Ns) ie 
(LS Sas! 
Gre IG 5 8 
NO): — 2725.0 
RUE ZO-56 
i oe 
ie 143 
K-42 - 38 
s| Agee = Si 
LTS) Si 
TO — se 
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40 


35,000 


130 
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hur 
Depth Depth Capac - Date Depth pose 
loea- ce of ty Puyr- Appro- Water to Rep ort- 


Pion water Well casted pose Priated Wsed Water ed 
B1-70 - Continued 





medbpl5 32 35 40 D 8-27-57 

fsabl6o 10 30 40 D 2-7-59 

tedbl17 11 s7 Ls D 1-8-60 

Teaic ZA 57 8 D S-7-63 30 Zak DI 
18dc2 7 44 18 D S-5-63 

18dc3 10 eal 40 D 11-15-61 

18dc4 14 60 8 D 1-6-60 

18dcS 21 40 4 D 5-29-59 

18dc6 14 30 20 D 7-6-59 

18dd 12 a5 Z D 4-29-63 

18ddz2 40 Dry D 6- -59 

19aa 4 veal 6 D 3-15-58 

19aa2 8 60 1 D 5-27-61 

19ab IZ 32 Z0 D 1-26-62 

19ab2 40 105 Z D 3-13-62 

19ab3 V5 60 1 D 10-28-61] 

19ab4 is 60 Jl D 10-20-61 

19abS 14 35 15 D 12-3-62 

19ab6 6 50 it D 5-15-62 

19ab7 5 6 lS Ih D 3-15-62 

19ab8 ls 55 25 D 11-30-62 - 13 7 
19ab9 37 40 1 D 7-18-57 

19ab10 8 35 48 D 8-8-60 200 18 D 
19abll 4 10 20 D 4- -54 

19abl2 18 40 20 D 8-26-62 

19ba TS 42 24 D 1-25-62 

19bb 3 75 1 D 11-15-61 

19bb2 18 30 6 D 11-2-58 

19bb3 14 74 80 D 6-14-60 

19bc 5 18 40 D 450 ff DI 
19bd ZS aS 12 D 6- 3-59 

19ca Se 30 D 10-5-57 

19ca2 20 1e5 [ 

19cb 15 6S LZ il f= 75555 60,000 5 I 
19cc Jal 30 30 D S-11-62 

19cc2 us o5 S50 DI 12-4-62 27,500 ia i 
19cd al 5 40 D 9-17-62 

19cd2 8 16 S D 1- -55 

19cd3 be Ap), 50 D 7-2-57 10,000 40 I 
19da 7 55 40 D 10-8-58 

19da2 S ay 10 C 5-15-59 


: pp nee ene ee ee eee ee een reer ee nee 
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Pine 
Depth Depth Capaci- Date Depth pose 
Leca- GO Or ty Bur- Appro- Water to Report - 


Eien Gicitier Wel) Listed. pose priated Usied Water ed 
B1-70 - Continued 


19da3 6 20 Z0 D 10-26-57 
19db if 30 25 DI 4-20-63 
19db2 Z 34 45 D 9-26-60 
19db3 1 55 eZ D iWz-t- 00 1,000 30 I 
19db4 3 55 30 D 10-1-56 
19dc 9 40 20 DI 4-28-61 
19dd 4 S/d 5 D -40 200 40 i 
19dd2 8 Sa 28 DI 5-25-63 . 5 [ 
20aa 17 5 5 D 10-15-62 
20ba 14 40 3 S 12-26-58 
Z20bb 40 100 il. D 2-28-63 200 20 D 
Z20bb2 14 37 lS D 5-23-63 
20bc 9 50 WS D 11-24-58 
20cb 8 24 50 D - 56 50 24 D 
Z20cb2 8 Sal. 20 D 4-25-59 
0 Gyb.3 7 Sal 20 D 4-6-59 
ZO Gc 1Z 28 ie D 12-10-58 
AU Gc 2 5 36 Z D 7-28-58 300 Se D 
Z0cd 7 30 20 D 10-5-62 - 87 D 
20da 22 25 10 D 8-5-57 
20db 6 35 5 D 11-19-62 300 6 D 
20db2 5 Sa 45 D 4-2-63 400 6 D 
Zac 50 65 10 D -40 
20 ade 2 8 15 5 D -40 ip - D 
Zlad il 4 D 5-25-61 
ecb 8 eZ 10 D 11-20-62 60 12 DI 
Zilch 2 8 76 1 D 10-6-58 
el cc 16 30 4 D 1-7-63 
1|21ldc 1zZ 32 30 € 3-16-61 
ezelec.C 2 14 30 28 D 3-25-61 11,500 30 5 
eb 67s II S- -52 
Zab 2 7 36 5 D 4-25-59 
ead 10 29 8 D 5-26-58 
22b:c 3 12 2000 i 4- -59 
hee2cd 10 26 20 D 4-28-60 
ee Gk 2 8 30 25 D 7-11-59 
1|22db 8 Ia. jhe! D 
ea 2 5 10 10 D 4- -49 
1}/22db3 fi 30 14 D 3-29-61 
6 Sil 25 D 9-23-59 - 30 D 


||22dc 
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Pur- 
Depth Depth Gapaci - Date Depth pose 
ied - eo) of ty PUL =) Aro - Wane ro Report- 


tion Water Well.Llist@ed.pose priated Used Water ed 


B1-70 - Continued 


22dd 5 Z5 20 D 10-16-58 400 13 D 
ZS DC 2 13 1000 4- -59 
Moc 2 4 28 5 D 4-8-6] 100 5 IND 
2o5Ca Zi 36 322 4-7-63 
23da 16 35 10 D 10-24-58 
23da2 ZZ 56 6 D 9-26-59 
Zoda 5 Zo 63 10 D 5-16-61 100 20 DI 
23dd Zi 47 5 D 6-9-58 
24ac 140, Wee 5 S 9-28-57 
Z4ba 3 50 IZ D 5-23-60 
24ba2 5 25 40 D 7-14-59 - 4 DIS 
24ba3 yl 18 25 D 7-9-58 
24db 30° ss 9 D 2-7-62 200 30 D 
24dd 7 30 30 D 10-6-62 if 
Z5CbD 28 5/5) 20 3-26-58 
25cd i 43 is D 6-30-61 Wes 20 D 
mised 2 40 Sy R50, D 10-19-59 
25da flew Zz 30 ¢ -48 
Zodaz flow 37 30 C -48 
goaas flow 42 40 C -48 
25db 40 65 20 D 2-26-58 
26ad 20° Vez 4 D 8-14-62 
27ac 4 Sh 10 D 5-1-62 
1|}27bb Z 16 2000 IS 7- -59 
|}27cb Z 14 750 II 4- (51 
1;27cCCc 5 28 30 IND 1-29-59 
w7CC 2 5 28 30 D 5-20-58 
Miz ee 3 3 Sa 6 D 9-19-59 
Zrec4 4 30 10 D 11-28-61 
28cd 14 39 2 D 8-8-63 
28db 8 58 vs IND 6- -57 100 20 D 
28db2 5 Sal iS D 6-21-60 
28db3 5 Sal 1G D 9-26-62 
1128dc 6 Za 9 D 3-5-60 
1128dc2 4 30 20 D 4-28-59 
| /28dc3 5 40 35 D lZaroaso 1,200 10 I 
1I28dc4 2 30 40 G 6- -56 TL (GHone 10 I 
Zodac5 5 Si 30 D 10- 28- 300 - ot 
| |28dd 6 30 IW D 3-2-63 - 30 D 
1 |28dd2 1 35 20 IND -57 28,800 21 D 
28dd3 8 32 6 D 5-10-62 
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Pune 
Depth Depth Capaci- Date Depth pose 
Boea- co of ty PuUr- Bppro-~4 Water to Repo rt- 


tion Water Well  Dietedaapeccepumameaulsed Water ed 
B1-70 - Continued 


28dd4 yi 30 10 D 6-24-57 

28dd5 8 30 15 IND 2-8-62 

28dd6 4 26 35 D 11-25-61 100 15 WL 
29aa 1s 30 10 D 3- -63 

29ac 4 26 Zs D 12-20-60 

29ac2 5 zi. 8 D 11-4-59 

29ac3 5 50 3 C 8-21-62 40 - D 
29ba 6 1 40 D 10-20-62 

29ba2 9 30 12 D 3-5-63 

29ba3 6 30 10 D 1-11-60 

29bb 6 25 36 C 5-4-57 

29bc 6 20 10 DI $§-21-65 

29bd 4 30 6 D 5-27-60 - 30 D 
29bd2 5 Za 14 D 3-26-60 

29bd3 4 25 10 D 4-26-61 

29bd4 8 30 30 D 11-19-58 

29ca 6 30 30 D 4-13-61 8,500 12 D 
29ca2 4 28 40 D 8-21-58 

29cb 5 30 Si D 7-3-58 

ZIGC 10 ay, 500 C 5- -55 

29cc2 Z o0) 25 D 6-6-60 

29cd 6 24 C 10-14-59 

29cd2 5 31 55 D 11-3-59 400 140 DI 
29da 4 Z7 20 D 3-31-61 

29da2 6 or 6 D 9-27-62 

29da3 4 Z6 8 D 6-12-61 100 5 DI 
29da4 5 26 30 D 2-11-61 

29da5 4 26 35 D 2-10-61 ike 10 D 
29db 4 30 28 D 3-4-59 15 10 DI 
30aa 14 72 > D 8- -49 1S 16, 14 DI 
B0aa 2 13 18 4 D 5- -19 150 14 D 
30ac 6 Si0 1.5 DI 5-17-63 

30ba 8 Sal 42 D 7-8-63 

30ba2 40 D 5 8 D 
30bb eZ 20 Z D 5-20-63 

Spb 2 14 38 40 D 5-14-62 

30bb3 12 32 40 D 4-19-61 

30bb4 a: SS 35 D 5-20-63 

S0ea 6 16 Jali C 2-15-61 

UCC 2 6 10 C 6- -48 
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Us 
Denth DeptheGayae. - Date Depth pose 
Loca- to of ty Pie- Amea0i- Water to Repo r t- 


tion Water Well Uwei@ed (pese praated Used Water ed 
B1-70 - Continued 


30db 6 10 10 D 7- -54 

30dc 5 Sul 40 D 5-3-60 

30dd 9 col 5 DI 11-21-62 

30dd2 7 30 20 D 10-8-62 8 I 
32ba S 30 Av C 3-30-60 

32ba2 Le 20 eS D 1-30-61 

32ba3 6 26 30 4-22-59 

32ba4 5 26 10 D -52 50 5 DI 
32bb 10 S0 40 D 3-29-60 

S25Cc 4 6 TZ DI 6-1-6353 TS 8 I 
33aa 20 23 20 D 6-21-57 1,000 3 D 
33aa2 4 5 15 D 9-15-59 

33aa3s 4 oe (8) D 9-17-59 

33aa4 25 10 D 1-28-58 

33da 9 20 10 D 3-14-63 2,500 8 it 
Soac 4 20 100 D 5- -58 

Soac2 6 20 20 D 4- -58 

poad 6 17 10 D 5-21-63 750 10 I 
Goad 2 30 8 D 10-8-57 

33dd3 8 26 6 D 2-24-58 

Seale Ma 6 17 D 6-23-58 400 5 IL 
poads i 15 10 D 5-12-61 2,000 10 I 
33dd6 4 2A 35 D 8- -56 

33dd7 5 20 ZS D 8- -56 

33dd8 5 a) 40 D 8- -56 

33dd9 5 Z2 35 D 8- -56 

poadald 4 20 55 D 8- -56 

33dd1l1 5 Zh 40 D 8- -56 

Boadal 2 4 20 40 D 8- -56 

Boadl3 7 15 D 2-18-60 

34aa 5 51 4 D 

34aa2 Z sal 8 D 8-5-58 

34aa3 3 55 10 D 6-17-58 

Sac 4 28 25 D 3-16-62 

534ac2 5 lies Z D 6-11-58 

54ac3 68 7a il D 5-12-58 

34ac4 30 75 30 D 7-22-58 500 20 D 
34acS 4 75 1 D 1-6-58 

34ac6 4 75 2 D 1-3-58 

S4 ac 7 7 SZ 4 D 10-10-58 
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Pur - 
Depth Depth Capaci- Date Depth pose 
boca- to of ty Pur- Appro- Vidueer CO Rep ort- 


mone Water Well Listede@pose prmaged Used. Water ed 








34bb 
34bb2 
34bb3 
34bb4 
34bb5 
Saeb 
S4:ec 
S4reeZ 
pAed 
o4ac 
B4dc2 
SAac 3 
34dc4 
34dd 
34dd2 
34dd3 
S5ad 
So cd 
Socd2 
Socd5 
35cd4 
maed5 
35da 
35da2 
Boac 
moac 2 
esac 3 
Soac 4 
Boac5 
35dc6 
e5ac 7 
35dc8 
35dc9 


eodc 10 


36ab 
36bd 
36cd 
Podc 
36dc2 
36dc3 
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B1-70 - Continued 


2D 
10 

9 
10 
50 
Is 
eZ 
ils 
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16 
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Qu — 
NMR CORR ONANAN LW 
= 


bh 
Sus 


7 


bd ped 
Onn 


ee ee eS SS OS SOO eS Sree eS Oe SOOO eee eae oe ee: o 


6-7-60 

Or ~ a0 

il - 24661 

Oe 1 

Mito 52 1,500 6 D 

10-24-62 

fis 2 = [oll 

7428-63 

Vie (25 ie) 450 We 

Gael 80 8 

eso 59 

died 4-59 

eel, Si TSR) 

8-4-6] 

572 a8 500 30 DI 

5= 0-50 300 S) D 

4-22-61 = 50 : 
58 

Oe = 50 

8- -54 

6- -54 

4-28-58 300 50 D 

fea 3! 8 

8-7 072 

NL Sa) Ze) 135 D 

| Zo 1 

D726 () Sos lu Z D 

a 2 eal 950 SS DI 

OS 1 Ge 6 1 400 40 DI 

4-0 - 67 

Ba = oe 

Be lk = 1a 

A =a 5 

7- IGS 

Z- Veo 3 

a2 Sao 5 

Oe Sie 0 2 

ge 0) 

8-10 -ib 3 

oe = oy 
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levies 
Depts Deptn Gap acd Date Depth peace 
koca- to On ty Pur- Appro- Water to Report - 


eion. Water, Well. listed pese piarcdg Used Water ed 


B1-70 - Continued 


— —————— 


=a - 


36dd 6 90 20 D 8-27-60 
36dd2 60m 200 il D 4-21-63 
36dd3 18> ie 20 D 3-1-63 
36dd4 4S 270 20 D 3-4-63 
36dd5 Zoe ZU Z5 D 3-2-63 
36dd6 Zoe ise 10 D 3-28-63 
36dd7 2am 200 20 D 4-19-63 
36dd8 20, 200 20 D 4-18-63 
36dd9 265 130 40 D 5-27-63 
Bla 1 
8ab Cte 250 20 D Seo bao 2,880 - DI 
llaa 10 55 3 D 4-1-62 S500 14 DI 
llaa2 GGF 205 3 D 1-21-63 
llaa3 5) MA 2 D 2- -63 
lilaa4 ie 200 il D 6-8-62 
llaaS ie 1&5 10 D 6-12-62 
biba Se lize 2 D 11-2-62 240 80 D 
12bb dS 40 10 D 11-20-61 
eZ Dic S0m Sis ley. D 12-12-62 
h2ca OOF ise ibs D 8-10-63 
cb 12 La. oy) D 8-7-63 700 134 D 
mzcc 10 26 1G D 1-16-60 
2da 18 ey 1 D 3-19-58 
12db VW 36 Uy D 6-30-61 600 6 D 
2b 2 45) le i! D 2-18-62 
ii AfeKe 5 Se 9 D 4-27-62 200 40 D 
lez ac 2 20 42 10 D 10-4-62 
1 2dd 14 40 Z D 4-17-59 
| l3aa 4 AS 8 D 7-8-60 
13aa2 ys 28 20 D 6-24-57 
13aa3 10 55 25 D 3-16-59 
13ab 6 Sal 30 D 3-11-60 
sac 12 70 il D 10-4-60 
l3ad 10 35 ZS D 10-7-61 
l3ad2 9 29 20 D 9-30-60 
l3ad3 2 25 5 D 1-2-60 
13ad4 8 25 vy D 12-4-58 - 22 DI 
l3ad5 7 30 LS D 6-22-62 
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Pur - 
Depth Depth Capaci- Date Depth pose 
Loca- to ona ty Pir - Appr o - Water to Rep or t- 


tion. Wereenm Welg) “Laecmec pose rvaced Used. Water ed 
B1l-71 - Continued 








13ad6 10 81 i] D 9-28-60 

13dd 4 29 40 D 9-5-58 ZO 6 Bi 
14bb GS 235 i) D 3-21-63 - 2538 - 
1 4%0'd 240 i D 10-27-61 

14bd2 69 210 ie D 10-20-61 

1 4@b 85 2440 1 D 12-28-61 

LAec Su) Cli il D 5-26-62 

Pec 2 ze «6G il D 5-23-62 

Lec 3 44 196 i D 6-29-62 

B4ec 4 56 92 6 D 10-14-61 

l5ad 65 2350 1 D 12-14-61 

1 Sard 2 24 8 Fow il D 2-6-63 

1LS5eb 26 80 1 D 5-28-58 

15cb2 Se 1240 3 D 3- -63 

hoac 48 75 Z D 7-17-61 

l7ab ZS 78 1 D 3-20-62 

l7ad er 6178 16 D 3-23-62 

18bc fi). 55 ii D 11-21-62 

rec d 106 167 li D 4-8-63 

19cc 28 63 fi D 4-16-63 

19cd 78 235 1 D 4-15-63 

220 3S 230 Ls - 7-9-62 

72Ca An 80 3 D 5-21-63 

Z2ad 55 law 1 D 3-10-60 100 - D 
23aa 5@ 256 1 D 3-29-62 

Z5Ccb 150 290 1 D 2-15-62 

Z5CC eo  ias 2 D 6-10-59 250 48 D 
mece2 125 130 2 D 11-7-62 

Z5Cce35 60 100 4 D 12- -62 

23cc4 60 140 i D 2-9-62 

2Z4aa 18 48 20 D 6-16-60 

24aa2 18 48 20 D 10-25-58 

24ab Zi 5 1 D 8-10-60 100 25 DI 
4ab2 8 Sal ZA D 7-17-61 150 Z5 DS 
4ac fl 38 5S D 8-24-62 

4ad 9 a 15 D 8-24-62 

4ad2 20 25 1s D -51 50 28 I 
4ad3 1s 34 4 D 1-7-61 

4ad4 1s 60 5 D 4-10-59 

4ba 16 fd, 2 D 2-35-62 
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Baia 
Depth Depth Capaci- Date Depth pose 
Loca- to of ty Pars Seppo - Water to Report- 


tion WateryWell “UaStea posemur laces Used-“Water ved 








Bl-71 - Continued 

24da 22 LZ 10 D 4-26-63 

24db - 20 1e2 D Q- -57 5,000 8 I 
24d bd 2 10 56 10 D -49 

24dc 20 60 fi D 5-13-63 2,400 58 I 
25aa 1 40 10 D 3-1-63 - - I 
Z25aaZ is 40 10 D 2-28-63 - 30 I 
Z25ab lz 34 6 D 4-18-63 

Z25ba 60 70 2 D 4-13-61 55.0)(0) ak i 
Zac 30 3eo 3 D 3-15-61 - - i 
Zoic 2 19 46 8 D 5-1-61 

25dd 10 30 1¥ D 4-26-60 

26aa SQ) Zee sl D 6-5-59 

26ab aol 93 2 D 4-6-62 

Z26bb 50. 6155 i D 11-26-62 Z00.. VS5 D 
Z26bb2 8 Me 1 D 1-26-63 300 20 D 
mopos 4Jl15 5975 1 D 11-18-60 200 - D 
26bb4 90 315 30 D 4-6-60 400 90 D 
Ziaa 35 z50 | D 10- -62 300 oS DI 
27 DD 10 90 Z D 6-18-59 

Z/bd 9 50 7 D 4-8-58 

31db 25 250 3 D 1-8-63 500 ao D 
BZCca 11 30 1 D 9-25-59 ~ gl D 
33ba 50 135 4 D 3- -63 

S5bbD 70 15s 3 D 4-12-63 

Sobb Z 40 216 1 D 2-25-63 

Bobb 3 50 140 6 D 12- -62 

B5bb4 S0 Ws sl D 1-13-62 200 40 DI 
33bb5 - 290 i, D 4-21-62 

38.ca 14 24 15 D 9-21-59 

33cb $0 200 5 D 6-14-62 

Bocc oO 125 | D 4-11-62 

33da 4 Is Zp D 11-27-57 

Boaa 8 20 35 D 5-18-63 - 55 I 
36ab 2 cal a7 D 4-18-61 

36ba 21 36 8 D 11-22-57 

36bb 18 a2 13 I -49 

36bb2 48 90 1S D 3-28-60 

36db 8 an y D 5-14-63 

Bodb 2 5 36 12 D 5-15-66 5,000 Z5 I 
36db3 4 50 30 D 4-2-63 7,000 (ag I 
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Pu 
Depth Depth Capaci- Daye Depth pose 
Loca- to On ty Bur- Appro- Water to Report- 


tion. Water Well.Itisted. spose priaced. Used Watered 
B1-71 - Continued 











36dd 3 40 10 D 3-8-63 0 ~ I 

Sead 2 5 39 10 D 3-5-63 0 17 - 

B1-72 

10dc Se kad 8 D 8-18-61 

1 Zeb 190 270 1 D 7-12-61 120 S0 D 
1 |}18da S 30 15 D 6-26-59 
li2zea o 25 9 D 11-26-60 

24bc Ls 28 6 D 10-30-58 

PSac 22 57 2a D 3-14-58 

25db - 30 10 D 4- -58 

25dd S08 |e il D 6-12-63 
| 36bb 20 «6 1 D 1-5-61 250 100 D 
| |B2-68 

iedc a 860203 10 I §-12-59 

29bc 5 20 1350 I! 7- -59 1,280,000*% 5 I 

Silea 17 332 9 D 7-3-62 

B2-69 

25ad 40 200 NES D 5-11-59 2,000 70 DIS 

C1-69 

Zaa 229 500 I 5-27-54 

ZeC 20) | 2S 1001 I 6-1-54 900 19 i 

3aa Eso Zales 15 D 10-12-62 

Sela eZ 29 16S D 10-13-62 

Bea 31 480 10 D 1-30-60 

3cb IS a2 278 iI 2- -17 

Sda 14 45 8 D 6-29-60 1,500 70 D 

4bb 60 300 20 D 5-11-60 

4bb2 175 520 8 D 1-19-61 400 120 D 

4bb3 180 480 10 D 9-21-62 100 - DI 

4bb4 85 498 1S D 6-13-62 

4bbS 150 435 18 D 5-23-62 

Ae 20 S50 20 D -55 - 65 I 
| l4cc 97 400 10 D 10-20-59 250 100 D 

5aa 4 35 oo D 8-27-59 

D 6-21-63 


Sbb 60 145 ie) 
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Peer - 
Depth Depth Gapaci - Date Depth pose 
Lo@a- to of ty Pur- Appao - Water to Report - 


tion Water Well Listed pose Pieteiied Used Water ed 
C1-69 - Continued 


= = 





Sbb2 oe | le 25 D 6-26-63 

Sbb3 20 90 i D 9-3-60 50 50 DI 
Sbb4 N6 10s 1S D 1:0= F0st6 0 

bce = 6 Gre) Dry D Te theh = She 

Geez Z5 46S 90 D o> 5 0-Gm 

Ge 3 Zo igs il D 4-28 -'G0 

7aa 160 647 10 D I- Iis- 33 

8ba = oo) Dry D 3- Sal - Ge 

8da 8 20 30 D = 

8daz2 8 a2 8 D ; 

9bb 55 Ze 200 I = 

9ca 10 20 900 i Sd GS) 2 

10bb 1p io 1200 I -41 4,400 20 S 
10da 160 469 ° D ONS ys 

10dc 14 ll 10 D 6-20-38 

10dd 180 575 10 D Ge Zo) OM 

l2ad So eae 15 D ff LS EY 2,000 TS DI 
ezdid 105 360 20 D 4-26-63 

12dd2 Si 6325 IBZ D gue) 5) 

mads 165 350 15 D S- 0-35 

mZad4 200 300 iS D (Oa 3) 7) 

aC C 50 440 943 I TOA - 32 500 40 DIS 
16bb > = = D - 800 335 D 
ioe b 8 Zo 30 D i aes 

Hoe b 2 9 Gp 40 D Sys 3) // 

ESOGC 200 SO FO D Sle Ih= iol 

Meec2 155 475 Less D 8-9-6] 

MyecS 260 525 is D Suz 

16dc 200 548 10 D G- SUE OZ 

17ab Ess 26 Ze D S- Geo 

H/abz 15 ae ay D Ze ae), 

a/ccG oF Ysa 1000 i 7 - 7s 

micc2 9 42 35 D OS oy 

CCS 9 24 30 D | oe oc! 

17dc WZ 38 180 I f- 3-52 

dc Z 9 Zio 30 D =i 

18bb om 86 Ze) 18 D $-8-60 

MoepZ2 114 709 SZ D S17 -en 

Eee b 14 34 20 D 9-24-60 

19aa 14 20 130 D - 54 

19aa2 3 8 150 D -55 
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Pirate 
Depth Depth Capaci- Date Depth pose 
Fema- to of ty Fur- Appro- Water to Report- 


tion Water Well Listed pose priawed Used Water ed 
C1-69 - Continued 





19aa3 5 5 300 I -54 

19aa4 15 20 150 D -20 

19aa5S 15 20 150 D -20 

US) 3). NAS |e) 0.0 1@ D 10-5-62 

20dd 300 G25 1 D 6-14-63 3,000 300 DS 
Zlab sl ZS 400 I -40 

Z1bb 198 496 10 D 6-28-62 

22da 15e 656 20 D 9-19-58 

ZOD b 18@ 6682 25 D 7-10-62 200 40 D 
Z25eb2 212 590 Ls D 7-23-58 

ya = 200 Dry D ~ 

Ziad 140 390 15 D 7-21-61 

29@C 150 615 Hl vs D 5-19-63 

30bd 50 les 20 D 4-4-61 

32ab 200 410 10 D 5-16-59 SOO 410 D 
C1-70 

laa Se 1é5 10 D 2-19-60 

laa2 68 197 10 D 3-7-60 

laa3 Sig, | Miles 10 D 11-18-60 

laa 4 Gi. Sales 20 D 7-21-60 

laaS 60 300 15 D 12-3-59 

laa6 4G 8695 20 D 4-24-60 

laa/ 40 180 10 D 10-5-59 

laa8& 12th Wsz 35 D 10-15-57 - ils I 
laa9 7m Teo 15 D 1-31-61 

laal0 60 150 10 D 11-23-60 

taal 1 Of vs IZ D 5-5-59 

laal2 gE CN 8 4 eG) D 7-10-59 

laal3 Ze s2 55 D fg Oey 

kaa | 4 20 50 5 D 7-28-59 

iaals5 1) Ss 30 D 2-18-58 

ieaal 6 20 «6S5 Z0 D 3-19-59 

laal7 1g 95 20 D 4-24-59 

laal8 20 =O 10 D 6-9-59 

laal9 ou 86100 ile D 6-9-59 

laaZ0 ZS ako 20 D 6-12-59 

taaZ1 > bso 30 D 7-17-58 

laa22 is aw 25 D 6-12-58 

ara 2 3 S = eae) 30 D 6-26-58 
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Pur- 
Depth Depth Capaci- Date Déptmn wove 
leeGa- to of ty Par - Beppe - Water to Repor t- 
tien. Water Well Di sted pest muhated sUsed.. J\imibemmed 
C1-70 - Continued 
laa24 eo a by i 18 D 6-26-62 
laa25 40 80 20 D 4-25-62 
laa26 56 OSS 25 D 3-31-62 900 70 Bl 
laa27 Ae AG 18 D 8-3-61 
ivarar2 8 70 240 15 D 8-16-61 
laa29 se 806210 30 D 6-8-63 400 ES Bia 
laa30 ae 8610 20 D 6-19-63 
Waa 51 30 40 5 D 6-2-62 
mata’ 5 2 SUL Se 15 D m-Z25-00 3,000 1350 DI 
laa33 Z5 90 10 D 10-7-63 1,500 60 DI 
ikac 40 «200 15 D 8-10-63 15 10 D 
Wac2 5 81 Ss D 4-2-59 150 5 DI 
lad fej 95 30 D 11-28-58 
lad2 27 96 35 D 8-4-59 
lad3 60 «6S 5 D S-7-59— 10,520* - D 
lad4 40 106 S65 D 8-1-59 
lad5 ZS a5 15 D 6-22-60 
lad6 a) eZ 15 D 1-18-60 
lad7 12 92 30 D 10-11-58 
lad8& 68 164 15 D 7- 2™03 
lad9 60 250 0 D 6-16-60 300 100 IL 
ladl10 18 65 15 D 3-20-61 
ladll 57 das 5 D 3-14-62 
lbb oc leas 18 D 3-22-62 
lbb2 me 6150 20 D 3-20-62 
lbb3 SO 8615s US D 3-19-62 
1lbb4 25 205 20 D a 15105 
1lbb5 22 Yes 18 D 6-18-63 
lca 9 45 Z, D 10-6-63 
lca2 80 175 25 D 10-28-63 
lca3 S56 75 15 D 10-29-63 
lcoa4 it 120 2 D 4-20-60 4,000 6 Dal 
reas 1Z 90 14 D 8-25-60 
lca6 is fos) 50 D 5 - 30-59 
lec Ve 2000 18 D 9-3-58 
reeZ 7 60 15 D 5-5-59 
Lowes 60 210 rs D 9-22-60 
Teed 2 | oe 12 D 8-24-60 
nec 5 30 195 5 D 3-28-61 
leeo A025 15 D 7-23-63 
ec 7 SO. 252 eS D 7-19-63 
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Loca- to of ty Pur- Appro- Water to Repor t- 
Rom Water Well. DListed Jegcc.veisece., UNeu Wavem ca 


C1-70 - Continued 





85 
Por ~ 
Depth Depth Capaci- Date Depth pose 
} 


lcc8 0 SS 7 D 11-17-63 
lcc9 SO 270 10 D 1-23-64 
lccl0 50 6300 10 D omc 8,640 10 DI 
heel 1 70 «6300 LO D 3-27-63 
hee] 2 60 245 18 D 4-6-63 
lecl3 60 175 10 D 11-2-63 
Leer4 40 290 18 D 6-12-63 
ee iS 40 250 5 D 12-20-62 
lccl6 Dy 86220 5 D 7-12-62 
Lee l7 40 240 12 D 9-1-62 
hee) 8 G0 L7s 9 D 2-19-63 
lcecl9 30 6260 4 D 4-6-62 
lcc20 40 240 10 D 8-1-62 
hee21 Ze 200 s D 6-21-62 
hee 22 17 Foe 5 D 6-22-62 
Leez 3 45 240 15 D 6-23-62 
heeZ 4 Ze 6258 8 D 6-24-62 
le@e2 5 35 275 10 D 6-25-62 
Lee 6 20 250 10 D 2-15-62 
Mees / flow 156 10 D 2-14-62 
iceZ8 18 60 20 D 3-16-62 
lcec29 35 290 10 D 10-5-6l 
hec 30 ZO 0S 10 D 2-8-62 
Bere 5 | BO Ss 10 D 2-8-62 
hee 5 2 40 210 1 D 6-28-61 
Bee 55 24 150 10 D 4-10-61 
hee 54 zoe | OZ 40 5 D 3-6-61 
Be@e35 ZO 626885 5 D 2-29-61 
Hcc 36 225 20 D 7-21-61 
mare 5 / 225 ig D 8-12-61 
rec 38 es 200 10 D 9-5-61 
1lcc39 S ges 18 D 7-25-61 
hed Ti ‘ahs Q D 5-21-61 
Red 2 10 866NOl1 30 D 7-26-61 
Rhea 3 . iG 1Z D 6-10-61 
lcd4 Ze 125 12 D 1-2-62 
hed5 6 5.5 40 D 11-21-61 
lcd6 570 Za, 12 D 5-31-62 
lcd7 Ve Osis IL D 6-8-62 
lcd8& 65 208 8 D 7-24-62 
lcd9 S5 Sir7 20 D 10-9-62 
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rupee 
Depth Depth Capaci- Date Depth pose 
Loca- to of tay Pur- Appro- Water to Report- 


b10n, Water. Wels) ll SCC IOS e Pi Dat CUpealiS Cay... Wert Pep aeel 
C1-70 - Continued 


1cdl10 85 90 20 D 1-Zo-e/ 2,000 Zo DI 
lda 20 245 8 D 0-4-2 

lda2 y. ee! ILS D EO alana o 

ldb 4 54 6 D 6-24-59 

1ldb2 3 oid Hl | D 5 - Ze 

ldb3 5 78 2) D S- Zoo. 1,200 iis DI 
1db4 eZ 8 8 1 D 62 

me's 40 250 is D PAE Sy 5), 

ldd 340 200 i D 5- OU el 

1ldd2 A) | Zs D 6-06-61 

1ldd3 50 06 ZO 6 D 7-18-61 

1dd4 Oe? |) (0, 8 D 4-7 - C2 

Lares SO Zak 5 D b- 50 

1ldd6 50 «1S 6 D o- /qo7 

1ldd7 Zo ceav WZ D ae 9 nS 

1dd8 Gey 20 ies D 4-8-63 

Hrelrel'9 20 ZU 2 D #- 20-65 

1dd10 ZO Sav 8 D My 015 200 70 DI 
lddl1l oa 60 La 1Z D S- eos 60 70 DI 
arate! | 2 40 200 20 D O-i 8-08 

1ldd13 oh 2s 8 D i? les 0 2 

1dd14 40 300 10 D 2 ee 2 1 2 

ddl 5 70 = =240 10 D 7-4-0602 

1ldd16 60 300 20 D S- 27 - GS 

1dd17 50) Za) 5 D 2 2 — 

1dd18 G3 270 10 D 2 7) = 

1dd19 50 | Ze 4 D 2-9-0602 

mda20 100 270 12 D i- 25 4 

1dd21 532 Fev 12 D p= 7 5 “sta) 600 150 DI 
irairel'2 2 20. Tso 8 D 5-2 onl 

ead 2 3 fe 8 D 2-mo- oO 

1ldd24 8 os 1s D P= So) 

Pod 2 5 4 185 4 D 5-725 OW 

1dd26 6 liz i D Gri Le OO 

Bata 27 | Los 6 D o- 2 ul 

1dd28 3) 60 WS 4 D 2 - ou: 

1dd29 2» 160 5 D ess Sy 8). 

cia'S © 30 180 5 D eo 15)11 

altGeS 1 ge) 0 2a D B- 25-61 = : DI 
Zab lez 12 100 . i - abe 

paw ‘i 14 isu C 5- eo 
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Loca- 


C12 20 


Ze 
LQG 
2dc 
7 Qe 
4ab 
4dd 
Saa 
SaaZ 
Saa3 
Saa4 
Saas 
5aao 
Saa/7/ 
Saa8 
Saa9 
Saal0 
Saall 
Saal2 
Sad 
Sbb 
Sbie 
Sbd 
5 baz 
Scb 
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